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TRANSLATOR'S  PREFACE. 


■  ti 


1  NOW  prefent  the  fcientific  world  with  a 
Tranflation  of  the  moft  cxtenfive  Chemi- 
cal Treatife  at  prefent  in  being ;  compofed 
by  an  Author  whofe  continued  labours  and 
refearches  are  too  well  known  to  require 
any  eulogium  from  me  on  this  occafion. 
An  entire  generation  of  Chemifts,  who  have 
imbibed  their  firft  notions  of  this  Science 
from  his  Works,  in  every  part,  and  by  every 
language  in  Europe,  can  bear  teftimony  to 
the   happy  perfpicuity,  with  which  he  ar- 
ranges  and  communicates  the  important  doc- 
trines upon  which  it  is  founded.     The  work 
would  have  appeared  fooner,  notwithftand- 
ing  Us  confiderable  magnitude,  if  my  ftate 
of  health  had  hot  been  almoft  inceflantly 
broken,  fo  as  to  put  tlie  rapid  profecution 
of  buGnefs  out  of  my  power.     I  fhall  there- 
fore detain  the  Reader  no  longer  with  any  * 

preliminary 
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.  *^ 

preliminary  difcuflion  ;  but  fliall  give  fomtf 
notices  of  the  principal  difcoveries  in  Che- 
mifcry,  made  fince  the  publication  of  thefe 
ElcpehtSr 

There  is  perhaps  no  fubjeft  in  the  exten- 
live  range  of  the  fcience  of  Chemiftry,  on 
Svhich  praflical  vrritefs  are  lefs  agreed  than 
they  are  on  the  nature  and  number  of  fimpje 
4>odies.  Fourcroy  admits  thofe  only  into 
'that.clafs  ^hich  hav€  relation  to  combuftiony 
■while  a  ironfiderable  number  of  Chemifts 
•include  lamongft  them  all  thofe  which  can- 
liot  be  decompofed  br  reduced  to  their  con- 
ftituent  principles^  however  analogous  they 
HWiy  be  to  bodies  which  are  known  to  be 
compbuiids.  Dr.  Tfaomfon,  of  Edinl?urgh, 
in  the  Remarks  on  Combuftion,  with  which 
he  favoured  me  for  publication  in  the  Journal 
of  Natural  J^hilofophy,  Chemiftry,  and  the 
Arts,  is  difpofed  to  reduce  the  number  of  the 
fimple  combuftibles  admitted  by  Fourcroy, 
and  to  exclude  gold,  filver,  and  mercury. 
His  reafoiis  are,  "  that  they  do  not  burn  in 
air,  how  high  foever  the  temperature  is ; 
neither  do  they  detonate  with  red-hot.  nitre, 
nOr  exhibit  any  appearance  of  combuftion 

i» 


>ih  bkitiiuriaiic  ilcid  >gas ;    thoiigd  ,^i$  Xi!^ 
body  oxidates  ^m  with  .great  rapidly/' 

On  thfe  fubjedl  of  Light,  Mrhich  ha^  b^eti 
Very  toncifely  treated  by  our  Author,  many 
Excellent  memoirs  have  appelated  iinoe  the^ 
j>ciblicktidh  of  his  Wotk^  Or  wi^h  vrhich  he 
'ieemsto^'have  been  unacqudinted.    A^mor^g 
t^fe^  JDh  Hulmes  papers^  in  the  Philo{b« 
^hicai  l^Fahfaflions  for  i86d  and  .i86i,  oil  ' 
vfpontaneotis  atid  imbibed  Lights  ate  Well  cal** 
culated  to- duddate  its  real  nature  and  pro« 
zperties.    One  of  his  obferVations  on  azote 
as  a^lWpJjOrtel^  of  Lights  eoupled  with  Dn 
Thomfon^s  on  the  fame  principle  as  a  Tup- 
^^i^ter  of  combuftion^  (hould  induce  furtheif 
refeayehes  into  the  qualities  of  this  galeoss 
-body.    Dr.  Hulme  fliows  that  it  is  capable 
of  preferving  the  brilliancy   of  the  light 
emitted  by  fiihes,  and  in  fome  cafes  of  reno« 
Vating  it  when  nearly  expired :  !Dr.  Thomfon 
obferves  that  it  is  the  >^  of  four  out  of 
five  compound  fupporters  of  combuftion^ 
and  fufpeSs  its  exiftence  in  the  fifth.    The 
ingenious  experiments  of  Dr.  HeHchell  on 
the  illuminating  powers  of  the  rays  of  lights 
publifhed  in  the  Phflofophical  Trajafaftions 

for 
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for  i8bo,  and  Dr;  WoBafton's,  m  the  fame 

colleftion  for  1802,  on  the  refraftion  and 

'  difp^ffibn  of  light,  are  highly  interefting^  and 

tend  grca{ly  to  explain  the  nature  of  folar 

it  is^^.  a  qtreftion  which  cautiotrs  Philofo- 
:  phers  can  by  no  means  confider  as  decided, 
-whether  the  phenomena  of  heat  and  light 
be  Caufed  by  the  prefencc  of  fome :  body  or 
l>odies  poffefling  peculiar  properties, — or  by 
•  eertsiin  ^  motions  to  which  moft,   if  not  all 
'  bodies,  >or  their  parts,  are  capable  pf  being 
fubjefied;  or  in  other  words,  whether  heat 
►  and  iight^  or  either  of  them,  do  confift  in  a 
peculiar  niattet,  or  In  a  moti6n,i  either  pf  the 
r  parts  of  bodies,  or  of  fome  geneiPaUy  ;dtf- 
-  fufed  fliiid,  fach  as^  the  elher  of  Newton, 
■  &e.     Many  Chemifts' appear  to. have  pro- 
ceeded with  too  mmrh  rapidity,  vrhen  they 
"have  Gohfidered  light  and  heat  as  decidedly 
capable  of  entering  into  cbniWn^tion  like 
other  bodiesj  ^nd  of  being  difengaged   by 
the  aSioh  of  the  affinities.     On  this  exten- 
J&Ve  fubjcft  it  is  jmppflibie  to  fay  much  on 
the   prefent   occafion.       The  doftrine    of 
light  and  heat,  as  caufed  by,   or  confiding 
1  of 
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of  vibratory  motions^  has  been  ftrongly 
fupported  by  the  iate  experiments  and  ob- 
servations of  Count  Rumford,  in  the  Philo- 
fophical  Tranfaflions^  and  by  the  learned 
and  acute  difcuffions  of  Dr.  Thomas  Young, 
in  the  lamp  c<^le6lion ;  and  Mr.  Henry,  in 
the  Manchefter  Memoirs,  vol.  v.  has  given 
a  detail  of  the  fa6b  and  reafons  tliat  we  at 
prefent  jjoffefs  in  defence  of  the  oppofite 
opinion^ 

Theicffe^  of  heat  on  bodies  in  the  liquid 
and  gaicous  ftate  has  been  very  accurately 
inveltigafed,  and  many  new  fa£ls  have  been 
efU^Iiflied.  The  ingenious  inveftigations 
of  Mr.  Palton,  on  th^  dilation  of  gafes 
and  yapcMars  are  infer  ted  in  the  Manchef- 
ter Memoirs^  v.  595,  and  in  various  commu- 
ixications  to  my  Journal.  The  conclufion 
he  draws  from  them  is^  that  all  the  gafes  are 
equally  dilatable  and  condenfable  by  change 
of  temperature ;  and  that  the  fame  refult  is 
applicable  to  vapour,  provided  the  tempe- 
rature be  fufficiently  elevated  to  counteraft 
its  tendency  tQ  return  to  the  liquid  ftate. 
Experiments  on  the  fame  fubjcft,  and  pro- 
ducinga  limilar  refult,  werealfa  fubfequently 

made 


*iade  by  Cit.  Guy  LtiffaC.  -  llis  fidfief  ki 
in  the  Annales  de  Chithie,  v.  43.  Mr.  E^vy 
has  pubiifhed  a  methed  of  eftimating  the! 
changes  df  volume  in  gafe^  whidh  removes 
the  neceffity  of  labcrrioits  alnd  compiicated 
calculations.  It  will  beToUnd  in  the  JoUr-' 
nals  of  the  Royal  Inftitutiofli 

Two  papers  on  the  conduftirtg  power  af 
fluids,  have  been  tranfmitted  to  ttiC  by  Mr* 
Murray,  of  Edinburgh,  and  are  inlerted  in  the 
Journal  of  Natural  Philofophy,  &c,  vol.  i* 
15^—241  ;  in  which  he  demonilr^tes  that 
heat  is  condufted  dowmvards  in  fluids^  ^nd 
confcquently  does  not  wholly  depend  upon 
the  motions  caufed  by  the  temperature  of  the 
lower  part  of  the  fluid  being  firft  heated,  and 
its  fpecific  gravity  being  fo  changed  as  to 
caufe  it  to  afcend,  as  was  fliown  in  the  ex- 
periments of  Count  Rumford.     Hence  he 
concludes  that  fluids  arte  real  condu6lors  of 
heat.  The  fame  truth  ^as  alfo  eftabliftied  by 
other  very  acute  and  ingenious  experiments^ 
by  Dr.  Thomfon,  and  likcwife  by  myfelf^ 
with  a  different  apparatus,  both  which  are 
to  be  found  in  the  fame  Jcmmal. 

The  exiftence  of  azote  in  the  natatory 

vefleb 
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vdBTcIs  of  the  carp,  which  Fourcroy  points 
oiit  as  Oile  of  the  fourircs  from  which  k 
may  bfe  obtained  pure>  is  denied  by  Mn  ' 
Acctifn,  who  averts  that  4lie  air-bladder  of 
the  /ivi^g  fxih  is  filled  with  attnofpheric  air* 
Probably  thofe  examitied  by  the  French 
Chemift  were  in  an  incipient  ftage  of  the 
piitre&ifitiVe  procefe,  and  mig^t  have  «:- 
perienced  fach  a  change  frbm  that  caufe. 

Ail  opitiion  of  Mr.  Harrup,  of  Chobhani, 
f efpefting  the  renovation  of  atmofpiheric  air 
defetves  to  be  noticed  in  this  place.*  Hfe 
confiders  the  oxigen  emitted  by  vegetables 
to  be  inadequate  to  fupply  the  quantity 
confumed  in  the  various  operations  of  na« 
tiife,' which  depend  on  its'abforption;  and 
ihat,  from  the  circumftance  of  its  being 
equally  diffufed  over  every  part  of  the 
globe,  it  muft  have  a  fource  equally  exten- 
five,  which  is  not  the  cafe  with  vegetables, 
thefe  being  limited  to  a  very  fmall  portion 
of  the  whole  furface.  He  is  of  opinion  that 
a  direS  chemical  affinity  exifts  between  azote 
and  oxigen,  and  that  water  is  the  fource 
whence    this    vital    principle  is  abforbed, 

,  *<  Philofophical  Jonr^,  v.  184. 
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and  he  relates  an  experiment  in  which  nitrogen 
gas  confined  over  water,  ^nd  expofed  to  the 
open  air,  acquired  an  increafe  of  volume  of 
nearly  one-fifth  of  the  whole,  and,  on  exa- 
mination, exhibited  all  the  properties  of  at- 
mofpheric  air.  This  fubjeft  is  worthy  of  fur- 
ther inveftigation. 

The  combination  of  hidrogcn  with  metals, 
whith  has  been  frequently  (poken  of  by 
Chemifts,  as  poOible,  and  of  the  exiftence  of 
which,  inftances  have  been  cited  by  moft  of 
.them>  without  any  aftual  examination  of 
the  compound,  has  given  birth  to  a  Memoir 
of  Profeflbr  TromfdorfF,  inferted  in  the  Pro- 
ceedings of  the  Royal  Academy  of  Berlin, 
on  the  Chemical  analyfis  and  properties 
of  arfeniated  hidrogen  gas.  In  this  paper 
the   produftion,  properties,   and  decompo- 

.  fition,  of  the  compound  are  inveftigated, 
and  its  habitudes  with  other  bodies  are  ftated 
with  precifion. 

The  combination  of  phofphorus  and  car- 

.  bon,  which  is  ftated  by  Fourcroy  not  to  be 
yet  known,  is  fliowh  by  Cit.  Sttinacher,  in 
the  Annales  de  Chimie,  xlvii.  97,  to  exift  in 
every  cafe  in  which  phofphorus  is  produced. 

'  He  contends  that  it  is  impoffible  to  free  it 

wholly 
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vrfablly  Ijrom  the  charcoal,  and  that  what  h^ 
hitherto  been  confidered  as  pure  phofpho- 
rus,  is,  in  fa£):,  a  fort  of  gangue,  or  phof- 
phuret  of  carbon^  The  fame  Chemift  alfo 
notices  a  new  compound  of  phofphorus  and 
oxigen,  which  he  denominates  white  oxide 
of  pho(phorus  at  the /w/Wf»i;^/if .  Its  produc- 
tion and  properties  are  different  from  the 
white  oxide  ufually  formed  by  the  a£lion  of 
water,  which  he  calls  white  oxide  of  phof- 
phorus^at  the  maximtim. 

Dr.  Thomfon  has  beftowcd  much  pains  in 
the  inveftigation  of  the;  properties  of  fulphur 
and  its  three  ftates  of  combination  with  oxi^ 
gen.  His  excellent  paper  on  this  fubjeft  is 
inferted  in  the  Journal  of  Natural  Philo- 
fophy,  &c.  vol.  vi.  92;  and  affords  a  com* 
prehenfive  view  of  the  two  combinations  of 
thefe  bodies,  which  have  been  but  inaccu- 
rately treated  on  by  former  writers,  namely, 
the  fulphurous  acid  and  the  oxide  of  ful- 
phur.  The  fulphuric  acid  has  been  already 
lb  well  defcribed  as  to  make  any  new  ana- 
lyfis  unneccflTary.  From  the  wellcondu6led 
experiments  he  has  made  on  the  other  two^f 
U  refults  thiat  fulphurous  acid  is  cpmpofed 

of 


«  65  ftilphm:,  a^ad  3?  oxygen,  iij  the  loo 
paxts ;  and  that  the  oxide  of  fulphur  cont-^ 
|aiii&  97.6  fblphur^  and  2.4  oxigen.  In  the 
profecuiion  of  his  enquiries  he  obtained  aa 
arid  hitherto  ojnnoticed,^  which  proceeded 
itom  the  a£lion  of  the  oximuriati<;  acid  on 
IbTphur.  He  has  called  it  fulphurated  i^vh 
jFfiitic  acid^  and  has  defcribed  Its  properties 
w^h  his  utkaA,  accuracy^ 

The  theory  of  combuftion,  by  die  fame  Aii- 
thor^  has  be^n  ^entipned  before.  He  admits 
the  merit  of  I^avpifier^s  (theory,  but  depies  that 
it  h  Gorapletefy  fati$fa£lory ;  nor  is  he  difi^ 
pofed  to  allow  that  the  cofnbination  of  a 
fcody  with  oxigen  and  the  a£l  of  combuftic^ 
are  the  i(aine.  In  reviewing  the  bodies  which 
cxxupy  the  attention  of  Chemifts,  h/8  divide^ 
them  into  three  clafles^  viz.  Ci^lTibuflibleSi, 
Sixpp€>rter^  of  Combuflion^  and  Incpmbufr 
tibles;  The  eombuftib!es  he  &b-4iyides 
into  fimple  and  compound  eombn^ibtes/  ^nd 
combti^ible  oxides.  In  this  con(if!s  pne 
effential  point  of  difference  between  hi^ 
theory  and  that  of  the  French  Chemifts  j 
they  confider  oxides  as  bodies  already  burn? 
ed,  either  wholly  or  in  part ;  he  confiders 

them 
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ijhfim  a$  bodies  capable^  in  fome  cafes^  of 
fupporting  cumbuftion^  and  then  denomi«» 
nates   them  partial   fupporters.     Tlip  fup^ 
poil^r^  of  combullion  are  oxigen^  either 
alone,  or  united  to  fome  bafe ;  in  four  cafes 
of  whiich  defcription  out  of  five,  this  bafe^ 
s&  was  noticed  above«  is  azote.     In  all  cafe» 
of  combuflion  a  combuftible  and  a  fup^ 
porter  mud  be  prefent,  and  the  compound 
formed  by  their  reciprpcal  a£Uon,  which  he 
palls  a  pirjQd!Li6l  pf  ^mbuftion,  inuil  be  waters 
an  aicid^  pr  ^  m^jtallic  oxide ;  and,  according 
to  diis  jtheory,    light  and    heat    muft  be 
fevpfyed.     Tb^  hf^  condition    difl;ingui(hes 
/combuftion  from  pxigenation,     It  would  ex^ 
tend  diis  fubjeiQt  too  far  to  enter  into  all  the 
points  of  difference  between  the  two  theories^ 
k  will  b.e  fulhcient  to  obferve  bene,  that  he 
iQonfiders  th^  caloric  as  a  component  part  of 
the  pxigen^  and  the  light  as  being  containe4 
in  all  cpmbuftU:>Ies ;  and  that  the  union  of 
the  difengaged  portions  of  thef^  bodies  dur« 
ing  cpmbuftion  produces  fire.    He  alip  con- 
tends that  fire  may  be  produced  frorn  tha 
a£Hon  of  partial  fupporters  with  incombuf- 
dble  bodies^  and  proves  the  exiflence  of 
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light  in  fome  of  Che  earths  and  alkalis  ; '  the 
caloric  being  furniftied  by  the  fupporter. 
This  procefs  he  calls  femi-combuftion. 

With  refpeft  to  the  combuftion  of  metals,; 
Profeffor  TromfdorfF,  in  his  Hiftory  of  G^al- 
vanifm,  p.  122,  has  fhown  that  they  are  com- 
builible  in  non-refpirable  gafes,  by  means  of 
the  Galvanic  fpark. 

In  the  Philofophical  Tranfaftions  for 
1802,  is  a  paper  of  Mr.  Chenevix,  on  the 
Muriatic  Acid,  and  its  combination  in  the 
three  ftates  of  fimple,  oxigehized,  and  hyper- 
oxigenized  muriatic  acid.  After  ftating  the 
labours  of  former  Chemifts,  and  the  refults  of 
his  own  experiments,  he  hefitates  on  the  pro- 
priety of  confidering  muriatic  acid  as  a 
compound  of  oxigen  with  the  muriatic  ra-: 
dical,  or  as  a  compound  of  which  oxigen  is 
one  of  the  component  parts ;  he  feems  in- 
clined to  believe  that  what  is  called  muriatic 
acid^  IS  really  the  radical,  and  that  the  0x1- 
genized  and  hyper-oxigenized  acids  fhould 
be  called,  in  conformity  with  the  received 
nomenclature,  muriatous  and  muriatic  acids, 

A  fimilar  obfervation  is  made  by  Cit. 
CuiJaudau,  in  a  Memoir  on  the  Nature  and 

New 
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New  Properties  of  Pruflic  Acid,  inferted  in 
theAnnales  dc  Chimie,  xlvi,  148.  He  is  of 
opinion  that  what  is  commonly  called 
Pruffic  Acid  Gas,  is  only  the  Pruflic  Ra- 
dical, and  propofesto  call  it  Pruflire,  Dr. 
Schaub,  of  Caflel,  gives  a  new  method  of 
obtaining  Pruffic  acid,  in  a  ftate  of  abfolute 
purity,  by  diftilling  a  mixture  of  two  parts 
of  Pruflian  blue,  one  of  fulphuric  acid,  and 
one  of  Water. 

Profeflbr  Tromfdorff  has  publiflied,  in 
Van  Mons's  Journal  de  Chimie  et  de  Phy- 
fique,  p.  213,  an  account  of  a  new  fpecies 
of  gas,  confining  of  carbon,  hidrogen,  and 
phofphorus.  He  calls  it  Plj^ofphorated  Car- 
bonated Hidrogen  Gas,  and  promifes  ad- 
ditional details  as  to  its  nature.  His  expe- 
riments on  arferiiated  hidrogen  gas  have  been 
already  noticed. 

Profeflbr  Proufts  Obfervations  on  Oily 
Hidrogen,  which  he  obtained  from  the 
difl:illation  of  olive  oil,  is  to  be  found  in  the 
Journal  de  Phyfique,  Germinal,  An.  xi.  He 
throws  confiderable  light  on  the  intirpate 
nature  of  vegetable  oils,  and  on  the  effe6ls 
produced  in  them  by  heat. 

Vox.  I.  c  In 
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In  Van  Mons's  Journal  is.  a  Memoir  of 
Ekeberg,  on  the  properties  of  yttria  com- 
pared with  thofe  of  glucine. 

The  properties  of  the  fo  called  Aguftine 
Earth  are  defcribed  by  Tromfdorff  in  the  An- 
nalesdeChiniie,xxxiv.  i33,andtheprocefs  for 
feparatingit  from  its  native  combinations  was 
publifhed  by  Coetling,  in  a  work  entitled 
Tra£ltfche  Ankitung  zur  zerlegenden  Chimie. 
Its  analyfis  is  to  be  found  in  Accum's  Prac* 
tical  Analyfis  of  Minerals,  juft  publifhed. 
Later  experiments  by  Vauquelin,  and  by 
Chevenix,  have  fhown  that  it  is  merely  phof- 
phateoflime.* 

Tromfdorff  has   fhown    the  method    of 
cryflallizing  lime.   It  is  inferted  in  the  Jour- 
,nal  der  Pharmacie,  vol.  ix.  parti,  p.  108. 

Mr.  Chenevix  has  made  fome  very  inte- 
refling  experiments  on  the  chemical  affinities 
of  the  earths  for  each  other.  They  are 
contained  in  a  Memoir  in  the  Philofophical 
Tranfaftions  for  1802.  He  takes  occafion 
in  it  to  controvert  Berthollet's  pofition,  that 
the  energy  of  chemical  affinity  is  governed 
by  the  mafs  of  the  decompofing  fubflance. 

*  Philofophical  Journal,  vii.  118. 

Mr. 
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Mr.  Chenevix's  experiments  on  oxigenized 
and  hyper-oxigenized  muriates  have  been 
noticed  above*  Thofe  of  Cit,  Robert  on 
the  inflammation  of  combuftible  bodies, 
combined  with  fur-oxigenatcd  muriate  of 
.  pot-afh,  by  contaS  of  fulphuric  acid,  are 
inferted  in  the  Annales  de  Chimie,  Frimaire,^ 
An.  xi.  They  are  accompanied  by  remarks 
and  new  experiments  made  by  Citizens 
Cadet  and  BouUay.  The  refults  are  very 
interefting,  and  the  pfofecution  of  the  en- 
quiry feems  likely  to  lead  to  the  difcovery 
of  feveral  new  fefts,  refpefting  the  intimate 
nature   of  combuftible  bodies, 

Mr.  Funcke,  apothecary,  at  Lintz,  in  Ger- 
many, has  publiftied  in  Scherer's  Journal,  ix* 
59,  a  new  method  of  preparing  phofphate 
of  foda,  which  feems  preferable  to  that  now 
in  ufe.  It  confifts,  in  laturating  the  excefs 
of  lime  in  calcined  bones,  with  dilute  ful- 
phuric  acid.  The  remaining  phbfphate  of 
lime  is  then  diflblved  in  nitric  acid,  to  which 
folution,  fulphate  of  foda  is  added,  and  the 
nitric  acid  is  recovered  by  diftillation.  The 
phofphate  of  foda  is  then  feparated  from  the 
fulphate  of  lime  by  afFufion  and  cryftalli- 
zation. 

c  2  In 
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In  the  clafs  of  metals  feveral  difcovcries 
of  great  importance  have  been  made.  Mr. 
Ekeberg  has  announced  a  new  metal  which 
he  extrafted  from  the  gadolinite,  and  from  a 
ifnineral,  to  which  he  propofes  to  give  the 
^  name  of  yttro-tantalite,  from  its  containing 
the  new  earth  yttria,  as  well  as  the  metal 
which  he  calls  Tantalium.  The  method  of 
obtaining  the  metal,  and  its  phyfical  and 
chemical  properties,  are  inferted  in  the  Jour- 
nal of  Van  Mons,and  copied  into  the  Journal 
de  Phyfique,  Iv.  281. 

Mr.  Hatchett  has  alfo  added  a  new  acidi- 
fiable  metal  to  thofe  before  known,  which 
he  has  named  Columbium.  His  paper  is  in 
the  Philofophical  Tranfaftions  for  1802. 
The  mineral  from  which  it  was  extraftedj 
came  from  the  mines  of  Maffachufetts,  in 
North  America.  It  has  not  yet  been  obtained 
in  its  metallic  ftate. 

Another  fubftance  has  been  announced  in 
the  London  Journals,  which  is  defcribed  as 
a  new  noble  metal,  under  the  appellation  of 
Palladium,  but  as  its  owner  has  not  thought 
proper  to  publifti  the  details  of  its  hiftory 
it  refts  at  prefent  wholly  on  his  credit ;  at 
the  fame  time  it  is  but  juflice  to  him  to  fay, 

that 
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that  he  has  fubmitted  it  to  the  teft  of  expe- 
riment, and  has  depofited  a  fum  of  money 
(twenty  pounds)  in  the  hands  of  the  vendor, 
to  be  paid  to  any  Cheraift  who  fucceeds  in 
making  a  fimilar  metal,  by  uniting  any  of 
thofe  we  already  poffefs  ;  Charles  Hatchettt 
Efq,  F.  R,  S.  and  Edward  Howard,  Efq. 
F,  R.  S.  have  confented  to  join  myfelf  in 
the  award  of  this  prize,  refpefling  which 
fee  the Philofophical  Journal,  vii.  75^159. 

The  reduftion  of  the  oxide  of  titanium  to 
the  metallic  ftate,  which  has  hitherto  been 
attended  with  much  difficulty,  has  been  ac- 
compliftied  by  ProfefFor  Lampadius,  by 
means  of  charcoal  only.  His  procefs  is  in- 
fertedin  Scherer's  Journal,  ix.  49—72.  The 
oxide  he  operated  on  was  that  obtained  from 
the  decompofition  of  gallate  of  titanium,  by 
pot-afh  or  foda. 

Doubts  have  exifted  among  Chemifts  of 
the  firft  abilities,  refpefting  the  magnetic 
properties  of  nickel  and  cobalt.  Many  have 
been  of  opinion  that  this  quality  was  com- 
municated by  a  fmall  portion  of  iron,  which 
could  not  be  wholly  feparated  from  them. 
In  this  number  was  Mr.    Chenevix,    who 
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made  feveral  experiments  to  free  nickel  from 
iron,    and   thought    he   had  fucceeded  by 
fhowing  that  its  magnetic  properties  were 
loft,  but  hehas  fince  found  reafon  to  change 
his  opinion,  and  in  a  paper  which  he  per- 
mitted   me   to   publifh   in   the  Journal   of 
Natur^il  Philofophy,  &c.  vol.  iii.  286,  he  has 
made  it  appear  that  the  lofs  of  the  magnetic 
properties  was  to  be  attributed  to  the  prefence 
of  arfenic.     It  might  be  a  fubjeft  worthy 
the  attention  of  experimental  Chemifts,   to 
enquire  if  arfenic  has  the  fame  effeft  on  iron, 
or,  if  not,  what  are  the  differences  in  the  qua- 
lities of  tlie  metals,  which  admit  of  that  in* 
fluence  in  the  one  cafe,  and  not  in  the  other. 
The  experiments  and  obfervations  of  Mr. 
Howard,  on  ftony  and  metalline  fubftances, 
faid  to  have  fallen  on  the  earth,  and  on  native 
iron,  inferted  in  the  Philofophical  Tranfac- 
tiohs  for  1802,  have  placed   this  fubjeft  in 
a  new  light.       The  exiftence  of  native  iron, 
which  is  ftill  difputable  as  an  ore,  feems  to 
have  been  at  length  eftabliflied  on  a  founda- 
tion reconcileable  to  the  acknowledged  truths 
of  philofophy. 

Many  new  ores  of  metals  have  alfo  been 
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difcovered  in  different  countries.  Prouft  -has 
announced  in  the  Journal  de  Phyfique,  PIu- 
viofe.  An.  x.  a  native  Sulphuret  of  Manga* 
nefe;  and  Vauquelin  has  defcribed  in  the 
Bulletin  des  Sciences,  No.  55,  An.  x.  a  Blue 
Oxide  of  Iron ;  and  in  Van  Mons*s  Journal 
de  Chimie,  he  has  mentioned  the  difcovery 
of  Chromate  of  Iron  in  abundance,  and  of  a 
neutral  Phofphate  of  Iron,  in  France. 

The  experiments  of  Profeffor  Prouft  on 
Native  and  Artificial  Su^phurets,  infertedin 
the  Journal  de  Phyfique,  liii.  92,  are  com- 
pofed  of  a  detail  of  new  fafts  and  elucida- 
tions on  the  nature  of  thefe  compounds, 
which  will  be  read  with  the  moft  lively  in- 
tereft. 

From  the  remarks  of  Thenard,  Bulletin 
des  Sciences,  No.  77,  it  will  be  feen>  that 
two  fpecies  of  acetite  of  leid  exift ;  the 
proportions  of  the  one  are,  oxide  of  lead,  58  ; 
acetous  acid,  26;  water,  16; — and  of  the 
other,  or  new  acetite,  oxide,  78  5  acid,  17  ; 
water,  5. 

.  In  the  Philofophical  Tranfaftions  for  1 803, 
Mr.  Smithfon  has  inferted  an  analyfis  of  fome 
calamines,  in  which  he  fhows  that  they  are 
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not,  as  has  been  before  believed,  pure,  oxides 
of  zinc  ;  but  ^hat  carbonic  acid  enters  into  * 
their  compofition.     The  eleftrical  calamine, 
he  fliows  to  be  a  combination  of  oxide  of 
einc  and  quartz. 

A  confiderable  progrefs  has  been  made  in 
the  application  of  chemical  knowledge  to 
vegetables,  and  many  interefting  memoirs 
have  been  produced  in  confequence. 

Among  thefe,  that  which  is  more  immedi- 
ately connefted  with  the  prefent  work  is,  that 
of  Profeffor  Prouft,  Journal  de  Phyfique, 
An.  xi,  on  the  Fecula  of  Green  Plants. 
Jn  it  he  refers  to  the  obfervations  of  Four- 
croy,  on  the  inaccuracy  of  former  writers, 
and  appears  difpofed  to  accufe  him  of  mif- 
quotations  m  fome  inftances.  He  alfo  draws 
feveral  inferences  on  the  nature  of  this  ve- 
getable produft  which  do  not  accord  with 
the  opinions  of  our  author. 

Seguin's  Inquiries  concerning  Fermenta- 
tion, in  the  Bulletin  des  Sciences,  No.  y^; 
and  Thenard's  Memoir  on  the  Vinous  Fer- 
mentation, in  the  Arinales  de  Chimie,  for 
June  laft,  differ  confiderably  from  the  theory 
of  Fourcroy.      The  former  confiders   the 

prefence 
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prelence  of  faccharinc  matter  as  untieceffary 
to  this  proceis,  and  the  latter  is  of  opinion, 
that  the  fermentefcible  caufe  is  of  an  animal 
nature. 

Two  new  proceffes  for  obtaining  the  pure 
gallic  acid  have  been  publiflied:  one  in 
Van  Mons's  Journal  de  Chimie^  by  Fiedler, 
direfts  the  precipitation  of  the  extraftivc 
matter  and  tanin  by  alumine.  The  other  is 
by  Schnaubert,  and  is  inferted  in  Tromf- 
dorff's  Journal  der  Pharmacie,  vol.  ii.  61. 
His  procefs  confifts  in  decompofing  the  gal^ 
late  of  lead  by  fulphuric  acid.  He  alfo  re- 
marks that  the  cryRallized  gallic  acid  is  aU 
terable  by  the  aftion  of  light ;  and  recom- 
mends that  it  be  kept  in  its  liquid  ftate. 

In  Animal  Chemiftry,  the  inveftigations 
and  refearches  of  experimentalifts  have  not 
been  lefs  fuccefsful. 

TroufFet,  in  a  Memoir  on  Cutaneous  Aeri- 
form Tranfpiration,  Annales  de  Chimie,  xlv. 
73,  takes  a  retrofpeft  of  the  inquiries  of  for- 
mer phyliologifts  on  this  fubjcft,  and  from  an 
analyfis  of  the  gas  emitted  by  the  fkin,  con- 
cludes, that  it  is  pure  nitrogen,  without  any 
wixture  of  car|>9nic  aqid  gas. 

Prouft, 
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*  Prouft,  in  a  letter  to  Delametherie,  Journal 
de  Phyfique,  obferves,  that  the  ure^,  as  ex* 
amined  by  Vauquelin  and  Fourcroy,  was 
not  pure,  hut  faturated  with  ammonia.  He 
direfts  this  alkali  to  be  feparated  by  ful- 
phuric  acid,  and  fays  that  it  ftill  contains  a 
reiin  from  which  he  had  not  been  able  to 
free  it. 

A  Paper  read  before  the  Royal  Society,  in 
Auguft  1802,  on  the  Analyfis  of  a  Pulmo- 
nary Calculus,  by  Do6lor  Crampton,  denies 
the  compofition  of  thefe  concretions,  as 
ftated  by  Fourcroy.  From  his  analyfis  it  ap- 
pears  that  the  component  parts  are  carbo- 
nic acid,  37  ;  lime,  45  ;  albumen  and  water, 
18.  At  the  fame  time  he  admits  the  pofli-. 
bility  of  two  fpecies  of  thefe  fubftances  being 
formed  in  the  lungs,  one  of  which  may  be 
phofphatp  of  lime. 

The  chemical  nature  of  the  Humours  of 
the  Eye,,  has  been  very  carefully  examined 
by  Mr.  Chenevix.  His  obfervations  are 
inferted  in  the  Philofophical  Tranfaftions 
for  1803.  He  found  the  component  parts 
of  each  of  them  to  be  the  fame,  but  thofe  of 
the  cryftalline  humour  differed  in  .their  pro- 
portions 
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portions  from  the  other  two.  They  con- 
fided of  water,  albumen,  gelatine,  and  mu- 
riate of  foda,  but  he  could  not  difcover 
either  a  phofphate  or  an  earth,  as  had  been 
formerly  dated. 

SiiKC  the  publication  of  this  work,  a 
Memoir,  by  Fourcroy  and  Vauquelin,  has 
appeared  in  the  Bulletin  des  Sciences,  No* 
70,  in  which  they  fhow  that  the  formic  acid 
is  a  compound  of  the  malic  and  acetic  acids. 

In  the  Annales  de  Chimie,  xxxix.  193,  is 
a  Memoir  by  Thenard,  on  the  Sebacic  Acid, 
in  which  he  contends  that  the  produft  which 
had  formerly  been  examined  by  Chemifts 
under  that  name,  was  not  the  peculiar  acid 
of  fat,  but  a  foreign  acid,  which  in  fome  pro- 
ceflTes  was  the  acetous  acid,  and  in  others 
the  muriatic.  He  gives  direftions  for  ob- 
taining the  true  febacic  acid,  and  defcribes 
the  peculiar  properties  of  it  with  accuracy. 
He  promifes  further  details  when  he  fhall 
have  operated  on  other  fa6ls  :  thr  only  one 
from  which  he  obtained  this  acid  was  hog's- 
lard. 

Vauquelin,  in  a  letter  to  Van  Mohs,  in- 
fer ted  in  his  Journal,  i.  2 18,  fays,  the  fame 

3  Chemift 
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Chemift  had  juft  finifhed  an  examination  of 
the  zoonic  acid,  which  he  found  to  be  ace- 
tous acid  combined  with  a  peculiar  animal 
matter. 

Several  new ,  Foflils  have  alfo  been  fub* 
je6led  to  chemical  examination. 

Tromfdorff,  Crell's  Chem.  Annalen,  1801, 
part  vi.  1.  has  analyfed  one  from  Greenland, 
which  he  names  Compaft  Hyacinth.  Its 
component  parts  are  filex,  50 ;  alumine,  28 ; 
pxide  of  iron,  6;  zircone,  10;  lofs,  6. 

A  filiceous  ftone,  from  Egypt,  called  He* 
liotropium,  has  been  examined  by  Mr. 
Accum,  Journal  of  Natural  Philofophy,  &c. 
confifting  of  filex,  73 ;  alumine,  4.05  ;  ox- 
ide  of  iron,  5.85;  lime,  11.3 ;  water,  4.8 ; 
lofs,  1. 

In  the  Memoirs  of  the  Royal  Academy 
of  Berlin,  for  1803,  p.  243,  is  an  eflay  by 
Klaproth,  on  the  Analyfis  of  a  Foflil,  which 
he  names  Natrolite,  from  the  quantity  of 
foda  it  contains.  It  yielded  him  filiceous 
earth,  48  ;  alumine,  24-25;  oxide  of  iron, 
1.75;  foda,  16.50;  water  9. 

The  arts  and  manufaftures  have  derived 

material 
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material  advantages  from  the  rapid  progrefe 
of  chemical  inquiry. 

In  the  Journal  de  Phyfique,  Vendemiaire, 
An.  xi.  the  younger  Darcet  has  given  a 
new  procefs  of  Refining,  in  which  time,  la- 
bour, ex  pence,  and  lofs,  are  faved.  He 
proceeds  in  the  former  method  as  far  as  the 
fecond  folution  in  nitric  acid,  inftead  of 
which  he  direfts  the  gold  to  be  boiled  with 
fulphuric  acid,  in  as  fmall  a  veffel  as  poflible 
for  an  hour.  He  then  decants  the  acid  and 
wafties  the  gold,  until  no  more  precipitate 
is  obtained  from  the  water  by  muriatic  acid 
or  alkalies.     The  gold  will  then  be  pure. 

Brongniart,  Journal  des  Mines,  No.  ^'j^ 
has  given  a  number  of  interefting  fafts,  from 
his  own  experience,  on  the  produ6lion  of 
colours  from  metallic  oxides  in  the  manu- 
fafture  of  porcelain.  The  procefTes,  which 
have  beeji  kept  a  fecret  in  the  manufaftory 
of  Sevres,  are  difclofed  in  his  memoir,  and  a 
very  minute"  detail  is  given  of  the  fpecies  of 
oxides  and  fluxes,  calculated  to  produce 
brilliant  and  durable  colours  on  the  three 
grounds,  viz,  enamel,  porcelain,  and  glafs. 

Mr.  Davy's  experiments  on  Aftringent 
1  Vegetables, 
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I  fliall  conclude  this  Preface  by  acquaint* 
ingthe  Reader,  for  his  convenience,  that  moft 
of  the  excellent  works  I  have  here  referred 
to,  in  their  original  publications,  are  alfo 
to  be  met  with,  either  tranflated,  copied,  or 
abridged,  in  my  Journal.  By  giving  this 
notice,  I  feel  no  folicitude  of  aijy  imputation 
of  perfonal  motives  in  thus  recommending 
toy  own  work.  If  I  have  done  my  duty  in 
felefting,  this  muft  naturally  be  the  cafe,  and 
the  Reader  will,  I  hope,  be  accommodated 
by  being  reminded  of  it, 

W.  N. 

Soho  Square f  March  1,  1804. 
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1  HERE  is  a  progreffive  advancement  in  the 
intelleftual  labours  of  man,  of  which  philofo- 
phy  is  calculated  to  mark  the  different  epochas, 
and  which  enables  us  to  form  a  comparifon  be- 
tween each  fucceflive  age  with  regard  to  its 
advances  in  the  powers  of  reafon.  The  hifto- 
rians  of  fcience  ufually  diredl  their  inquiries  to 
afcertain  thefe  epochal,  and  the  annals  of  the 
different  braxiches  of  knowledge  all  prefent  them, 
with  features  more  or  lefs  worthy  of  remark. 

Chemiftry  alone  feems  to  form  an  exception : 
it  is  diftinguifhed  perhaps  much  more  from  all 
the  other  fciences  by  its  origin  and  by  the 
epochas  of  its  progrefs,  than  by  its  objeft,  its 
procefTes  or  its  refults.  It  is  perhaps  the  only 
fcience  which  is  intirely  of  modem  creation,  of 
which  no  trace  is  to  be  found  in  ancient  times, 
and  which  does  not  exhiHit  in  its  periods  that 
Vol.  I.  b  How 
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flow  progreflion,  that  fucceflive  increafe  which 
the  obferver  may  difcover  in  every  other  branch 
of  human  knowledge.  It  h  in  vain  that,  by 
confounding  certain  rudiments  of  the  chemical 
arts  with  chemiftry  itfelf,  in  which  the  chimeri- 
cal art  of  fabricating  gold  is  every  where  exhi- 
bited as  the  only  and  the  moft  important  of  its 
laboui%  thfc  ifirft  hiftoriHns  <^f  that  fcielioe  have 
placed  its  commencement  in  fabulous  times> 
more  early  than  even  the  heroic  ages,  and  traced 
its  exiftence  to  epoclias  little  diftant  from  thofe 
when  the  delirious  imagination  of  the  firft  poets, 
and  the  pious  fifctiltis  of  the  authors  of  certain 
religious  chronicles,  have  dared  to  fufpend  the 
ietertid  maiK^h  of  feature,  ^it)fA  fet  Ii4«i4ts  to  its^ 
t:!tiftettce  by  fixing  thex^pe^tion  ^  tfc6  world. 

All  that  has  been  alferted  'co^ioer^ing  the 
antient  lorigin  of  x^hettiiftry,  concerning  tboife 
wen  Vho  firft  wwked  the  metals,  cut  und  po*- 
li'ihed  iht  havd  ftones,  faf^  the  fends  Or  dif- 
folved  and  ctyftaflized  the  falte,  muft  evidently 
appeal-  to  an  exaCl  ^hd  fevere  inquirer  ^  be  rm' 
more  than  a  vain  and  ridiculous  pretenfion^ 
fimilar  to  that  by  which  the  eieittents  of 
geometry  'might  be  traced  in  the  rude  works  of 
the  favage  who  takes  tfce  fragments  off  Socles, 
and  gives  them  forms  neatly  regular,  to  adapt 
to  his  immediate  wants.  Though  the  remains 
of  momiments,  majeftic  by  their  aftonifhing  'di- 
menfions,  ftill  exift  in  fpite  of  the  x>uti*ages  <f£ 
time  and  the  infnlts  of  the  warlike  hords  ofevery 
age,  and  atteft  to  the  obferver  that  the  anci- 
ent 
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tnt  inhabitants  of  Egypt,  of  Syria,  of  Paleftine, 
like  thofe  of  certain  parts  of  In^ia,  poffeffed 
the  arts  which  we  at  prefent  name  chemical ; 
though  the  remains  of  their  tempks,  of  their 
pyramids,  of  their  canals,  of  their  fculptures> 
are  fufficient  to  prove  that  thefe  people  fufed, 
diffolved  and  alloyed  the  metals,  that  they  fa* 
bricat^  glafles^  enamels  and  cements,  of  dura*" 
ble  and  varied  colours;  nothing  announces, 
notwithftanding  the  magnitude  and  number  of 
(^rations  which  thefe  remains  fuppofe,  that 
they  required  the  exiftence  of  chemiilry  among 
thefe  nations  already  fo  induftrious  and  fo  en- 
lightened. There  are  opinions  which  place  th« 
origin  of  this  fcience  in  die  firft  ages  of  the 
world,  and  confequentiy  among  the  learned 
people  of  antiquity  of  which  hiftory  cx>mpofe$ 
her  firft  page^ ;  but  this  opinion  may  be  claffed 
with  all  the  exaggerated  and  truly  f^ij^erftitious 
notions  which  have  fucceeded  th^  pretended 
occult  fciences,  divination,  oracles,  apparitions^ 
ipirits^  aftrology,  the  divination  by  numbers; 
magic  and  numerous  other  follies,  which  are, 
in  the  eyes  of  the  philofophei-,  noxious  produc- 
tions of  the  human  mind ;  as  the  poifon  of  ftra- 
monium,  the  fungus  or  of  the  viper,  are  pro* 
dufts  of  nature  no  lefs  than  the-rofe,  corn,  and 
the  ufeful  animals.  • 

The  love  of  the  marvellous,  the  defire  too 
frequently  reduced  into  a  fyftem  of  finding  no- 
thing new,  and  of  placing  the  prefent  age  be- 
low every  other  with  the  prejudice  fp  commpn, 

b  2  .     f        though 
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though  fo  unreafonable,  of  meafuring  the  gf an-* 
deur  and  importance  of  an  occupation  hy  its 
antiquity  and  its  long  uninterrupted  exiftence, 
have  thus  contributed  to  place  the  firft  dawn  of 
chemical  fcience  in  times  where  tradition,  mo- 
numents and  hiftory  are  equally  filent. 

Certain  enthufiaftic  writers  of  the  fifteenth 
^nd  fixteenth  centuries,  had  fcarcely  announced 
this  opinion  concerning  the  ancient  exiftence 
of  chemiftry,  when  it  was  quickly  repeated  in 
every  work,  returned  as  it  were  by  all  the  lite- 
rary echoes,  and  was  received  like  an  axiomatic 
truth.  There  does  not  exift  perhaps  a  fmgle 
treatife  on  chemiftry,  of  which  the  firft  lines 
are  not  marked  by  this  aflertion. 

But  if  we  examine  with  courage  and  without 
prejudice  all  the  proofs  which  have  been  united 
to  eftablifh  the  exiftence  of  chemiftry  among 
the  Egyptians,  after  having  carried  back  its 
origin  to  the  firft  ages  of  the  world  and  to  the 
firft  labours  in  which  men  employed  firf  as  an 
agent,  it  will  foon  be  difcovered  that  they  are 
merely  deduced  from  products  employed  in  their 
various  conftruftions;  and  that  though  they  may 
all  announce  the  exiftence  of  arts  or  proceffes  of 
fabrication  more  or  lefs  advanced,  yet  they  dif- 
play  nothing  which  has  the  appearance  of  ge- 
neral inference  deduced  from  a  comparifon  of 
thefe  arts, — nothing  which  depends©!^  aconneft- 
cd  feries  of  argument  or  indu6lion,^ — nothing 
in  a  v.jord  Avhich  can  give  a  fingle  idea  of  true 
fcience:  ftill  howcvei\ their  monuments,  their 

ceremonies, 
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ceremonies,  their  folemnities,  their  worfhip, 
their  political  and  their  civil  uiagesi  all  indicate 
that  this  people  then  poflefled  a  knowledge  of 
aftronomy,  geometry,  general  phyfics,  natural 
hiftory  and  medicine.  The  revolutions  of  the 
planets  were  painted  and  defcribed  on  the  walls 
and  ceilings  of  their  temples ;  mechanical  fci- 
ence  afforded  them  the  means  of  tranfporting 
immenfe  burthens  to  confiderable  diftances  and 
heights;  geometry  guided  them  in  the  con-? 
fti'u6lion  of  aqueduds,  and  the  canals  of  irriga^ 
tion ;  the  nilometer,  conftrufted  on  an  accurate 
knowledge  of  machines  and  of  levels,  was  ele- 
vated in  the  midfl  of  the  waters  to  announce 
what  might  be  expected  in  the  produdions  of 
the  foil  to  which  the  river  gave  fertility ;  the 
culture  of  the  ground  was  varied,  regular,  and 
indicated  the  early  occupation  of  that  foil ; 
medicine  was  pradifed  by  the  priefts ;  aftrono- 
my, geometry  and  mechanics  had  made  a  pro^ 
grefs  which  fuppofed  obfervations  already  nuf- 
merous  and  the  eftablifhment  of  fcientific  prin- 
ciples. Though  no  fenfible  traces  now  remain 
of  their  having  eftabliflied  divifions  and  metho- 
dical claffifications  in  the  produdions  of  nature, 
the  caxe  which  the  Egyptians  had  of  certain, 
plants  and  animals,  the  myftic  or  emblematical 
employment  which  they  made  of  them  in  their 
religion,  fhew  at  leaft  that  they  paid  a  particu^ 
lar  attention  to  them,  and  that  they  ftudied 
their  manners-and  their  properties.  But  nothing 
©f  this  kind  exifts  wijth  regard  to  chemiftry : 

there 
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there  was  then  no  real  connexion  between  the 
arts  and  ftbricatiom  which  we  now  denominate 
chemical  and  chemiftry  itfelf.  •  No  one  had  yet 
buiied  himfelf  to  deduce  general  notions  from 
the  comparifon  of  thcfe  arts,  or  in  eftablilhing 
thofe  connexions,  between  their  produ6ls  and 
their  refults  which  did  not  form  an  outline  of 
fcientific  theory,  till  a  long  feries  of  ages  after 
the  almoft  total  deftruftion  of  that  ancient  peo-j- 
pie.  The  Egyptian  chemiftry  has  no  exiftence 
l^t  in  the  imagination  of  hiftorians,  and  it  is  a 
real  error  to  attempt  to  difcover  its  origin 
there. 

Among  the  emigrations  of  this  powerful  na- 
tion, in  thecolonies  which  founded  that  ingeni- 
ous and  po^ilhed  nation,  which  placed  in  the 
fucceffion  of  ages  to  ferve  as  a  model  to  every 
future  time  and  country  in  the  arts  of  imagina-r 
tioii  and  of  tafte; — among  thofe  Grecians  who, 
owing  their  firft  knowledge  and  origin  to 
Egypt,  have  aggrandized  thofe  arts,  and  given 
to  them  thofe  amiable  forms  which  will  ever 
adorn  them ; — among  thefe  we  feek  in  vain  for 
veftiges  of  the  exiftence  of  chemiftry-  The 
Greek  philofophers  poffeffed  all  th^  fciences, 
which  they  have  claffed  methodically  and  re- 
duced into  fyftem  ;  they  taught  them  in  their 
public  fchools,  where  the  youth  of  greateft 
hope,  or  men  of  all  countries  who  wifhed  to 
cultivate  their  reafon,  came  to  obtain  folid  in- 
firuftion.  The  wife  Socrates;  Plato,  whofe  vaft 
knowledge  procured  him  the  appellation  of  di- 
vine ; 
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^ne ;  Ariftotle  whofe  gwiius,  aided  by  the  ex* 
tenfive  mean&  of  Philip  and  of  Alexander,  have 
ever  a[^>eared  to  defignate  him  as  the  chief 
of  writers  on  the  natiiral  fcienoes ;  all  the  other 
philofophers  who,  by  the.  generality  of  their 
ftudies^  the  grandeur  of  theirmeditation$  and 
the  profundity  of  their  views,  have  embraced 
every  fcience ;  morajs,  politics,  legillaUion^  Iqi- 
gic,  phyfics,  the  hiftory  of  nature  and  of  man; 
thofe  flrft  cncyclopedifts  iwho,  deprived  of  the 
hereafter  unperiifhable  refource  of  printing,  fup^ 
plied  its  want,  as  far  as  was  in  their  powier,  by 
public  le6l;ures,  have  left  us  without  informa- 
tion concerning  the  alterations  and  the.  mutual 
changes  produced  jn  one  .body  by  another  ;-^ 
the  phenomena  of  chemiftry..  The  energy  of 
their  itiinds  was  not  fufficient  to  deduce  the 
intimate  aftion  of  the  difSprent  particles  of 
bodies  pu  each  other ;  the  art  of  queiiioning 
nature  by  experiment  cannot  be  idated  .as  part 
of  their  philofophy.  It  dates  much  later :  and 
fome  uncertain  lights,  the  mere  prodiifts  of 
imagination,  »conftituted  in  ;  thofe  celQbrated 
ages  the  only  part  whicli  refembles  what  we 
now  call  chemiftry.  The  ideas  of  Epicurus,  of 
Thames,  of  AnaKimenes  and  of  Anaximander,  as 
well  as  thofe.  of  Plato  and  Ariftotle,  concenu 
ing  the  principles  of  bodies,  the  elements,  fire, 
air  and  water,  can  only  be  reckoned  among  inr 
genious  romances  no  lefs  foreign  to  chemical 
fcience,  than  the  fiftions  concerning  fabulous 
perfonagc^  are  foreign  to  hiftory.      Let  Def 

mocritus 
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mocritu*  be  repreiSnted,  by  the  powers  of  fic- 
tion, as  fiiutting  himfelf  up  in  a  garden  near 
Abdera,  to  extrafl;  the  juices  of  plants ;  where, 
iu  order  to  meditate  with  more  vigor,  and  to 
avoid  till  4iiftni£iion,  he  is  faid  to  have  volun-^ 
tarily  deprived  hitnfelf  of  fight:  let  this  apot 
cryphal'trait  of  Greciian  hiftory  be  rendered  lefs 
improbable,  by  attributing  the  lofs  of  his  fight 
to  long  bbfervations  on  light  and  objeQis  top 
luminous,  inftead  of  ftating  it  to  be  produced 
by  the  refleftion  of  the  burning  rays  of  th^ 
fun,  returned  by  a  furface  of  poliihed  brafs; 
whatever  colour  may.be  given  to  this  pretendr 
ed  fafl;,  cool  reafon  will  find  no  proof,  nor 
even  probability  that  this  philofopher  did  culr 
tivate  cl>emifl;ry.  No  fa6t  whatever  can  de-^ 
monftrate  th^t  this  fcience  exifl;ed  in  Greece^ 
while  every  thing  attefl:s  the  high  degree  to 
which  geometry,  aftronomy,  medicine,  politics, 
natural  hiftory  and  mufic  had  there  Arrived. 
Never  did  the  Lyceum,  the  Academy  or  the 
Portico  adopt  any  notion,  or  any  chemical  fa6t 
among  the  fciences  which  were  there  taught. 

Though  the  greater  part  of  thefe  fciences 
paifed  from  the  G  reeks  to  the  Romans,  who ' 
took  them  for  their  matters  in  every  depart- 
ment, and  though  fome  of  them,  particularly 
aftronomy,  natural  hiftory  and  medicine,  made 
remarkable  progrefs  among  them ;  iji  fpite  of 
the  preference  which  this  people  of  kings  and 
warriors  gave  to  eloquence  and  to  poetry,  it  is 
ftill  impoffible  to  find  in  ancient  Italy  the  culr 
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tivation  and  confequently  the  origin  of  die- 
miftry.  There  is  reafon  to  believe  that  cer* 
tain  chemical  arts  which  at  that  time  exifted, 
were  exerciied  at  Rome  by  Grecian  artifts,  who 
were  invited  thither  as  M^ell  as  fculptors,  paint- 
ers, .  architects,  muiicians,  and  even  the  matters 
of  eloquence,  of  poetry  and  of  philofophy. 
The  pretended  difcovery  of  malleable  glafs  pre* 
fented  to  Ncto  or  Tiberius,  would  at  mod  prove 
thp  advanced  ftate  of  an  art,  but  by  no  means 
the  exiftence  of  true  chemiftry  among  the 
Romans.  . 

It  was  i^ot  till  thofe  ages  when  the  Arabians 
cultivated  the  ufeful  fciences,  that  fome  firft 
yerjr  evident  traces  of  chemiftry  began  to  be 
feen.  The  multiplicity  of  medicines  which, 
iheir  phyficians  introduced  into  praftice,  the 
great  number  of  compofitions  which  they  in* 
rented,  the  complicated  preparations  Aihich 
they  caujfed  them  to  undergo  to  adapt  them  to 
the  difeafes  they  wifhed  to  combat :  fuch  M^as 
the  true  origin  of  that  fcience.  By  treating 
plants  and  apimals  by  fire  and  water,  in  diftil- 
Jatory  veffel§,  they  feparated  from  them  diffe- 
rent volatile  fubftances,  and  obtained  from  them 
produ6i:S;  which  were  conftant  in  fimilar  cir* 
cumftance3,  and  varied  when  the  circimiftances 
were  alfo  changed. 

After  this  period,  in  which  fugar,  honey,  the 
gums,  manna  and  the  refmous  juices  began  to 
be  employed  in  medicine  as  vehicles  or  reci- 
piejits,  or  as  particular  remedies,  the  formulas 

of 
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of  their  mixture,  of  their  decompofiticm  or  of 
their  combination,  always  more  and  more  va* 
ried,  afforded  a  thoufand  opportunities  of  ob- 
ferving  and  defcribing  the  aftion  which  bodies 
are  capable  of  producing  on  each*  other. 

In  the  fixteenth  century  fome  men  bf  genius 
arofe,  who  difcovered  in  the  art  of  preparing 
medicines  a  feries  6f  general  principles  of  which 
they  attempted  to  form  a  body  of  do^«ine. 
Under  this  art,  in  itfelf  effentially  chemical  and 
very  geneml  jn  its  pix)ceffes,  an  arrangemeifit 
was  fpeedily  made  of  all  thofe  other  arts  which 
coniift  in  varying  by  mixture  and  by  the"  ac- 
tion of  heat,  of  air  and  of  water^  the  intimate 
properties  of  the  different  fubflances  which  are 
iubmitted  to  thefe  procelTes.  Comparifons  were 
made  between  the  medical  formul»  and  the 
procefTes  for  treating,  fufing,  alloying  and  oxid* 
ing  the  metals,  their  combinations  with  ful- 
phur,  the  extraftion  of  falts,  their  decompofi* 
tion  and  the  acid  fpirits  of  various  flrengths 
which  are  obtained  from  them ;  the  vitrifica- 
tions, the  preparation  of  colours,  of  dyes  and 
of  perfumes,  arts  which  were  all  in  different 
degrees  laid  iinder  contribution  for  the  prepara- 
tion of  ^medical  compounds,  This  is  the  true 
fonrce  of  the  intimate  connexion  of  chemiflry 
and  pharmacy,  of  the  common  fate  of  the  two 
occupations,  and  the  union  and  even  the  con* 
fufion  of  the  pra6lice  of  each  in  the  f^m^  labo« 
ratories  and  by  the  fame  operators. 

This  approximation,    this  kind  of  identity 

would 
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would  have  infallibly  continued  to  exift,  and 
the  application  of  chemiftry,  completely  phar- 
maceutic would  have  been  irrevocably  fixe^ 
if  an  event  of  great  importance  in  the  hiftory 
of  natural  fcience,  one  of  thofe  circumftanccs 
which,  by  deeply  influencing  the  progrefs  of 
the  human  mind,  effect  a  complete  renovation 
m  its  pr6du6);ions  and  in  its  difcoveries,  had 
not  intervened.  Without  this  event,  whatever 
the  ableft  men  could  have  done  would  have 
been  limited  to  conneft  with  chemico-pharma- 
Ccutic  fa6te  all  the  prejudices  and  impolitions  of 
the  philofophy  of  the  ancients,  and  thus  to  give 
a  fcientific  form;  and  at  leaft  a  fyftematic  ap- 
pearance to  the  principles  of  which  refults  were 
connefteil. 

After  the  long  fervltude  of  ages,  after  the 
heavy  yoke  of  the  peripatetic  doftrine  and  of 
the  ill-conceived  formulas  of  Ariftotle,  under 
which  the  fchools  were  enflaved  and  the  fpirits 
6f  men  held  captive,  at  length  appeared  the 
happy  days  prepared  by  Defcartes  and  Gralileo, 
—when  thought  and  genius,  difengaged  from 
their  fetters,  ruflied  on  to  new  conquefts.  In- 
ftead  of  darkening  by  commentaries  the  fre- 
quently disfigured  works  of  the  ancients ;  in- 
ftead  of  giving  fervile  belief  to  propofitions 
which  acquired  nothing  from  the  ages  through 
which  they  had  paffed  but  the  habitude  of 
adoption,  philofophers  have  dared  to  diredl 
their  regards  with  becoming  humility  and 
diffidence  to  the  profpeft  of  nature,  to  interro- 
gate 
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gat6  her  phenomena  and  penetrate  the  fecret 
laws  of  things.  Obfervation  has  taken  place  of 
blind  and  confident  credulity.  The  grand  idea 
of  caufing  the  natural  forces  to  acl  between  bo- 
dies brought  together  by  art,  and  to  determine 
their  exiftence,  direction  and  energy,  has  arifen 
as  if  from  nothing ;  the  experimental  art  ap- 
peared in  the  world  as  a  new  creation  ;  and  this 
ftar,  deftined  for  ever  to  illuminate  a  vaft  hori- 
zon, irradiated  a  vivid  light,  hitherto  unknown 
to  the  fciences.  On  a  fudden  natural  philofo- 
phy,  which  before  this  time  had  been  only  the 
romance  of  nature,  became  its  faithful  inter- 
preter. Supplied  with  ingenious  machines  and 
inftruments,  it  added  this  new  power  to  th^ 
too  limited  efforts  of  genius ;  its  forces  were  re- 
doubled, as  the  lever  added  to  the  mufcles  of 
man  and  of  animals,  multiplies  their  efforts.  A 
new  or'der  of  things,  a  new  world  more  preqiousr 
a  thoufand  times  than  that  for  which  the  ancient 
world  is  indebted  to  the  difcovery  of  Chrifto^ 
pher  Columbus,  was  prefented  to  philofophy, . 
The  Boyles,  the  Newtons,  the  Mayows,  thes 
Hookes,  the  Stahls,  the  Hales  and  the  Boer- 
haaves,  then  travelled  from  difcovery  to  difco- 
very ;  and  far  from  deftroying  pien,  from  de- 
populating vaft  continents,  and  kjndjing  in 
the  hearts  of  kings,  of  conquerors  and  of  adr 
venturers  the  thirft  for  gold,  for  riches  an4  for 
luxury,  as  the  difcovery  of  America  had  done, 
this  experimental  world  acquired  the  mildeft 
conquefts,  multiplied  the  enjoyments  of  nations, 
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enriched  all  fociety,  and  caufed  every  branch  of 
natural  philofophy  to  advance  with  the  mod 
rapid  progrefs. 

Chemiftry,  difpofed  by  its  nature  and  its  pre- 
tenfions  to  a  great  variability,  received  a  part 
of  this  new  movement ;  it  was  no  longer  con* 
fined  to  the  laboratories  of  pharmacy ;  it  was 
no  longer  limited  to  the  preparation  of  medi- 
cines. Tranfported  into  the  new  laboratories 
t)f  natural  philofophy,  it  approximated  itfelf  to 
this  renovated  fcience,  and  united  with  it  by 
an  indiffoluble  connexion,  it  became  one  of  its 
integrant  parts ;  and  though  always  diftinguifJi- 
^d  from  it  by  the  fubjeds  which  it  treats,  by 
the  means  it  employs,  and  by  the  purpofe  to 
which  it  is  direfted,  as  well  as  the  refults  it 
obtains,  yet  its  diftinct  exiftence  was  well  afcer- 
tained ;  and  at  length  it  acquired  a  method  and 
views  fo  general  in  comparifon  with  the  con- 
fined fphere  to  which  it  had  before  been  cir- 
cumfcribed  till  that  glorious  epoch,  that  the 
philofopher,  in  inquiring  into  its  true  place  in 
the  methodical  table  of  the  fciences,  afligned 
its  place,  under  the  name  oi  particular  phy- 
Jics^  immediately  after  the  leading  title  of  gene- 
ral phyfics. 

The  greateft  part  of  a  century  of  uninter- 
rupted experiments  and  refearches  among  the 
mod  enlightened  people  of  Europe,  concerning 
the  chemical  properties  of  bodies,  after  chemif* 
try  had  been  feparated  from  the  phannaceutic 
art  which  for  fo  long  a  time  retained  it  cajptive> 

had 
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had  neverthekfs  proclaimed  it  almoft  in  vaiii 
as  the  fcience  of  nature.  It  was  rather  by  a 
fort  o^  inftinfl:  or  of  divination  than  by  a  de- 
cided refult.  In  vain  did  its  afibciation  ^vith 
experimental  philofophy  aad  its  Newtonianifm 
elevate  it  to  an  height,  from  which  it  has  thrown  ~ 
light  on  the  produdion  and  alterations  of  mit- 
nerals,  on  the  phenomena  of  vegetable  and  ani- 
mal life  and  on  the  fciences  which  ftudied  its 
appearances  and  changes,  as  well  as  on  the  ma- 
nufa^ures  vhich  modify  in  a  thoufand  man- 
ners its  produfts.  Notwithftanding  almoft  ^ 
century  of  independent  exiftence,  its  refults 
poffeffed  little  accuracy,  its  data  were  too  in-- 
complete^  its  mean^  too  limited,  its  wants  and 
its  uncertainties  too  numerous,  and  its  progrefe 
in  the  road  of  experiment  too  uncertain  to  afr  . 
ford  to  the  philofophy  of  nature  the  whole  that 
was  expe&ed  from  it.  Aftoniihed  at  the  num-- 
ber  and  at  the  magnitude  of  the  obftacles  which 
oppofed  their  advances,  chemifts  were  almoft 
difcouraged,  and  defpaired,  even  thirty,  yeans 
ago,  of  ever  being  able  to  difcover  the  caufe  ' 
and  the  relation  of  the  natural  phenomena  which 
were  become  the  fubje6l  of  their  inquiries  and 
the  aim  of  their  meditations.  Struck  myfel^ 
in  my  firft  chemical  ftudies,  by  this  kind  of  dif- 
couragement,  with  what  fentiment  of  profound 
adixiiratien  for  the  nH)dem  difco veries  da  I  now 
recall  the  philofophic  complaints  of  my  firft 
matters,  Macquer,  Roux  and  Bucquet,  concern- 
ing the  impoi&bility  of  difco vering  th^  origiit 
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of  the  mineralieatiQn  of  waters,  of  the  fponta* 
neous  altemtions  of  foflils,  the  caufe  of  fermen- 
tation^ and  the  intimate  changes  of  many  bo- 
dies, of  the  phenomena  of  vegetation,  of  the 
motions  and  nlodifications  of  animal  fluids,  and 
of  a  number  of  the  other  operations  of  nature, 
which  they  then  bcKeved  to  be  covered  by  a 
veil  impenetrable  to  mah ! 

In  the  midO;  of  thefe  immenfe  difiictilties^ 
from  the  depth  of  fruitlefs  and  difootiraging  ef- 
forts, what  a  glorious  and  unexpected  fcenc 
prefetits  itfetf  to  my  recolleftion  1  An  event,  of 
an  importance  equal  to  that  of  the  difcovery 
of  the  experimental  art,  for  the  progrefs  of  the 
humaoi  mind,  now  changes  the  face  of  chemif- 
try,  opens  to  a  new  caneer,  and  elevates  it  in  a 
few  years  beyond  the  ntmoft  hopes  of  philofo- 
phers.     In  17i7,  a  ligiit  being,  unknown  till 
duit  time  by  cbemifts,  invifible  to  them,  and 
incoercible  by  the  methods  and  the  machines 
which  they  employed;  a   fluid  which  had  a 
thoufand  times  prefentcd  itielf  in  their  experi- 
meitts,  but  without  giving  them  till  this  time 
the  leaft  laotion  of  its  prefencc,  by  the  claftic 
f&ttn  which  it  aflumed  and  which  concealed  it 
under  the  appearance  of  air ;  a  body  perfonii- 
ing  an  extenfive  part  in  the  moft  important 
pheximnenst  of  chemiftry,  was  difcovercd  and  as 
it  were  extra^ed  from  that  non-exiftence  where 
it  had  Temaincd  for  phiiofophers,  by  the  illuf- 
ttious  Profeffor  Black  of  Edinburgh,     Simply 
obibred  thirty  years  before  by  Hales,  but  cori-' 
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fidered  as  an  air  capable  of  being  fixed,  it  tra* 
flaewn  by  Black  to  be  the  catife  of  many  phetio-^ 
mena  yet  unexplained,  and  was  carefully  diftin* 
guifhed  from  common  air.  It  then  became,  by  its 
remarkable  properties,  the  fubj^d  of  a  thoufand 
new  refearches.  Three  luftra  had  fcarcely  elapfed 
fince  the  difcovery  of  Black,  before  this  new 
being  became  better  known  than  the  greater 
number  of  the  ancient  bodies ;  its  hiftory  is  al- 
ready more  complete  than  theirs ;  its  influence 
on  the  knowledge  of  chemical  phenomena  is  al- 
ready immenfe.  It  has  deftroyed  a  great  many 
ancient  opinions  which  were  grofsly  erroneous; 
it  has  emitted  a  thoufand  new  lights ;  it  ex* 
plains  a  number  of  obfcure  fafts  ;  and  in  par- 
ticular  it  has  conduced  to  the  knowledge  of 
many  other  beings  which,  fimilar  to  itfelf  by 
their  rare  and  gafeous  form,  having  been  con- 
cealed under  that  form  from  chemifts,  and  be- 
ing therefore  wanting  to  the  explanation  of 
experiments  which  had  till  then  been  made,  as 
well  as  to  the  calculation  of  the  products,  have 
left  the  fcience  in  that  vague  and  uncertain 
ftate  of  which  philofophers  have  complained, 
and  which  with  fome  juftice  they  feemed  to  at- 
tribute to  the  jealous  concealment  of  nature. 
Then,  and  under  the  aufpices  of  thefe  difcove- 
ries  concerning  the  elaftic  fluids,  the  compofi- 
tion  of  air  and  its  influence  on  the  phenomena 
of  nature  and  of  art,  it  was  that  Lavoifler  faw 
that  all  the  ancient  data  of  chemiftry  were  fet- 
tered M'ith  etrors  originating  in  our  ignorance 
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of  gafeous  matters,  which  were  always  loft  to 
chemifts.     He  perceived  that  it  was  neceffary 
to  give  a  new  form  to  its  whole  theory  more 
fuitabte  to  truth,  as  well  as  to  new  model  its 
infiruments  and  apparatus.     Genius  elevated 
and  tinily  creative,   courage  to  furmount  all 
the  obftacles  which  were  fure  to  be  met  with, 
Ikill  to  perform  the  moft  delicate  experiments 
which  had  yet  been  made,   precifion  and  deli- 
cacy in  the  obfervation  of  phenomena,  fevere 
and  geometrical  reafoning  in  the  comparifon 
of  refults,  views  no  lefs  profound  than  extended ; 
— -thefe  were  the  qualities  poifeifed  by  Lavoifier, 
a  man  fully  equal  to  operate  the  reform  which 
he  meditated^  and  to  produce  a  grand  revolu- 
tion in .  the  fcience.     He  undertook  and  com- 
pleted it  by  the  uninterrupted  labour  of  fifteen 
years.     He  repeated  the  principal  experiments 
of  chemiftry   with  new   infiruments,   and   by 
procdTes  adapted  to  enable  him  more  efpecially 
to  difeover  the  a6i;ion  and  the  influence  of  flu- 
idifiable  t>odies,  which  fo  long  had  eluded  the 
fight  as  well  as   the   difcemment  of  philofo- 
phers.     The  doubts  of  philofophy  during  fome 
years  fiifpended  the  fate  of  this  grand  reform 
in  uncertainty ;  the  new  propofitions  of  Lavoi- 
fier were  examined  with  deliberation,  weighed 
with  prudence  and  proved  by  mature  and  long 
lefleftion.      It  was   adopted    at   laft   by  the 
French  chemifts,  who  foon  became  his  co-ope- 
rators and  inftituted  a  new  do^rine  which  has 
been  denominated  the  Pneumatic  Ch^miftrj/^ 
Vol.  I  c  o^ 
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on  account  of  its  origin  in  the  knowledge  of 
air  and  of  fluids  which  refemble  it  in  their 
fonn*  The  author  of  a  revolution  fo  great  and 
fo  fortunate  for  the  progrefs  of  the  human 
mind  was  entitled  to  the  refpe6l  and  admiration 
of  his  contemporaries,  and  will  furely  obtain 
that  of  pofterity.  He  ^eferved  an  altar,  but 
the  crimed  of  men  devoted  him  to  the  fcaflEbld. 
His  fate  was  that  of  Socrates,  of  Phocion,  and 
fo  many  other  viftims  of  their  virtue  and  of 
their  love  for  truth. 

A  witnefs  to  this  renovation  of  the  fcience,  to. 
which  Ihave  contributed,  during  twenty-fix 
years,  as  far  as  my  feeble  efforts  have  ^^ermitted 
mc,  I  have  beheld  chemifiry  eniiched  by  a 
nilitnber .  of  new  fafts  and  capital  di(coveries, 
proceed  at  length  with  an  afful^d  Hep  in  th* 
^xpi^ilatiou  of  the  moft  enlarged  phenomena  of 
nature,  I  have  beheld  it,  no  longer  confined 
to  the  mere  laboratories  of  the  arts,-  extend  it$ 
rapid  flight  to  the  fublimeft  heights  of  philofo-- 
phy;  arrd '  pitrfuing  paths  till  then  uiikno^ra, 
^xt^d  its*  light  to  operations  of  nature  formerly 
regarded  as  impenetrable  myfteries.  Placed  foir 
ever  in  this  elevated  rank,  rich  with  all  its  new 
conqtieft%  with  fcarcely  any  further -obftaclei^ 
or 'difficiulties  to  be  apprchended  in  iti^  inquiriesv 
it  is*  become  at  the' fame  time  the  fcience  moft 
adapted  to  the  fublime  fpeculations  of  philofo- 
phy,  and  the' moft  nfeftil  in  advancing  all  the 
operations  of  the  arts.  Exacl  in  its  proceffesj. 
furein  its  refults,    varied  in  its  operations, 
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ftl>ounding  with  refources  from  its  infti-iiments, 
Its  apparatus  and  its  modem  manipulations, 
without  limit  in  its  applications  and  its  views, 
fevere  and  geometfical  in  its  reafonings,  there 
is  fcarcely  any  human  occupation  which  it  doeiS 
not  enlighten,  and  upon  the  perfeftion  of  which 
it  may  not  have  a  great  influence*  This  fcienc^J 
attends  the  mineralogift  and  the  geologift  in 
the  bofom  of  the  earth  and  on  the  fummits  of 
the  mountains,  to  develop  the  nature,  the  com- 
poiition,  the  changes,  frequently  even  the  origia 
as  well  as  the  future  fate  of  the  different  beds 
of  the  globe  and  of  the  foffils  of  which  they 
are  formed.  Occupied  in  the  examination  of 
vegetable  produ6tions  and  of  the  periods  of  the 
life  of  plants,  from  the  firft  germination  to  the 
formation  of  thie  ligneous  fubftance,  it  opens 
to  th6  botanift  and  the  agriculturift  a  treafure 
of  difcoveries  and  of  profpeds  adapted  to  ex- 
plain tte  f^ret  of  v^etation.  Applied  as  it  has 
been  with  unparalleled  fuccefs,  efpecially  during 
the  laft  fifteen  years,  to  the  analyfis  of  liquid 
and  folid  animal  mattei's,  it  at  laft  affords  the 
hope^  fo  many  ages  given  up,  of  conceiving  the 
phenomena  and  even  the  fources  of  life,  by  the 
happy  explanations  which  it  has  began  to  give 
concerning  numerous  points  of  phyfiology. — It 
throws  a  new  light  on  all  the  great  changes,  of 
the  atmofphere,  on  the  fluids  M^hich  traveife  it, 
which  become  diflblved  or  are  precipitated  and 
peripi?tually  modify  their  properties  and  the  in- 
fluence upon  all  the  beings  which  people  the 

c  2       ^  earth.-— 
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earth. — From  thefe  grand  occupations,  tMs^ 
comprehenfive  fcience  defcends  to  every  re-^ 
fidericc-of  the  arts,  where  it  changes  the  form 
and  the  qualities  of  the  produclion»  of  nature 
to  appropriate  them  in  a  thoufand  manner^  to 
our  wants ;  it  teaches  us  to  choofe  the  earths 
proper  for  pottery,  for  vitrification,  cements,* 
and  mortars,  the  ftones  tifeful  in  diflFerent  build- 
ings, for  cutting,  polifhiiig,  and  for  ornajneut; 
it  explains  the  multiplied  ftates  of  the  metals  itj 
their  earthy  beds ;  it  teaches  the  art  of  extraCl- 
ing  them  from  their  ores,  of  fufing,  of  purify-r 
ing,  of  alloying,  of  dilfolving,  of  oxiding,  and 
of  caufing  them  to  affume  durable  colours.— r 
Among  th€  numerous  means  of  preparing  the 
different  produ6ls  of  vegetables  for  our  dwel- 
lings, our  machines,  our  clothingj  out  foody 
and  our  medicine,  it  is  chemiftry  alone  ti^hicl^ 
direds,  varies,  improves,  and  even  creates  at 
pleafure.-^— Its  proceffes,  applied  to  the  (kins  x>f 
animals  of  every  kitid  a,s  well  as  to  the  diiferent 
liquids  which  they  afford,  appear  to  extraft,* 
even  fiom  the  bofom  of  death,  produ^s  deftined. 
to  fupport,  to  recall,  and  to  embellilh  life.-r 
Thus  it  is  that  no  obje6l  can  efcape  this  happy; 
fcience;  its  influence  is  no  lefs  extenfive  in  lb-: 
ciety  than  the  numerous  fa6ls  it  includes,  and 
the  opportunities  of  applying  its  precepts  are, 
multiplied*  As  it  beftow»  enjoyment  to  every: 
clafs  of  individuals  ;  as  it  is  of  abfolute  necef- 
fity  in  the  greater  number  of  ptofeffions;;  as  it 
is  formed  to  illuminate  almoil  every  fpecies  of 
.  .         s  ,  :  human 
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human  knowledge ;  what  fcience  can  be  better 
«ititled  to  be  called  the  univerfal  fcience  ? 
-  This  truth  is  already  fo  extenfi vely  eftablifhed^ 
that  the  fludy  of  chemiftiy  has  become  much 
more  general  than  it  evfr  has  been,  even  during 
the  lafl:  twenty  years  of  the  laft  century.  Every 
man  who  receives  a  liberal  education,  at  prefent 
confiders/chemiftry  as  one  of  the  moft  indifpen- 
fable  obje^  of  his  ftudy.  '  Difengaged  from 
the  chimerical  and  ridiculous  notions,  which  fo 
long '  repreffed  every  candid  inquirer,  liberated 
at  leng^  from  the  prejudice  which  for  fo  many 
years  conlidered  it  only  as  a  branch  of  medi- 
cine, and  confounded  it  with  pharmacy,  it  is 
now  cultivated  by  almoft  every  clals  of  fociety. 
In  the  numerous  fchools  of  inltru6tion  which 
have  been  erefted  throughout  tlie  Republic,  the 
philofopher,  the  legiflator,  the  minifter,  the  na- 
turalifi,  the  phyfician,  and  the  cultivator,  are 
aflbciated  with  the  jnanufafturer,  the  workman, 
the  painter,  and  the  dyer.  .The  civil  and  mi- 
litary engineer,  the  artillerift,  and  the  feaman, 
there  attend  together  to  the  fame  mafteis  who 
inftrud  the  prafitifer  of  pharmacy,  the  diftiller, 
and  the  peirfumer.  In  a  word,  all  defcriptions 
of  men  the^e  obtain  accurate  juid  ufeful  notions 
of^their  different  kinds  of  employjiiait,  becaufe 
it  is  equaHy  imppffible  for  any  of  tivem  to  jicr 
gleft  that  fae^nce  >vhich  alone  can  enable  them 
to  appreciate  the  mfttual  a6lion  of  <)ne  body  ou 
apother,  the  changes  which  th^ey  undergo  by 
^nta^,  the  modifications  of  ^orm,  of  tafte,  of 
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colour,  of  finell,  and  of  confiftencc  which  they 
affume^  by  combination  or  decompofition,  the 
durability. or  changes  of  their  natural  or  ac- 
quired properties,  the  efFe6ls  to  which  they  ar6 
fubjefted  by  the  laws  of  nature  or  the  efforts  of 
art,  and  thofe  which  they  produce  on  the  or-^ 
gans  of  men  and  animals. 

Penetrated  by  thefe  truths  concerning  the 
great  advantages  and  the  inexhauftible  re* 
fources  which  chemiftry  affords  in  evfety  human 
occupation,  I  have  conceived  and  executed,  as 
well  as  circumftances  could  ^.Uow,  the  projed 
of  introducing  the  ftudy  of  this  fcience  inta  the 
national  fcheme  of  education.  The  organiza*- 
ition  of  the  central  fchools  in  the  departments 
of  the  French  republic  prefented  an  opportur 
nity  too  favourable  for  this  purpofe,  for  me  to 
let  it  pafs  without  advantage  to  my  fellow 
citizens.  Chemiftry,  combined  with  phyfics, 
has  become  one  of  the  principal  branches  of 
that  excellent  eftablifhment.  Though  the 
number  of  men  fufficiently  fkilled  in  that 
fcience  to  teach  its  principles  to  the  youth  of 
Fmnce  has  not  yet  proved  equal  to  that  of  the 
chairs  inftituted  by  the  law  of  the  3d  Brumaire, 
of  the  3d  year,  this  defeft  will  be  but  momen- 
tary. Every  day  it  becomes  lefs ;  and,  in  a  few' 
years,  thefe  numerous  lights  of  fol id  inftniction 
will  fhine  upon  every  point  of  that  happy  foil 
which  will  again  collect  its  influence.  When 
we  refle6i:  on  the  benefits  which  this  iiiimenfe 
maf>  of  information  diffufed  over  France  muft 
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produce  to  every  part  of  the  public  economy; 
on  the  means,  the  development,  and  the  force 
which  they  will  give  to  ^1  the  produds  of  in- 
duftry ;    when  .we  confider  how  many  truths 
either  totally  unknown  or  ftill  little    kno\>Ti, 
they  muft  render  familiar  and   domeftic,    the 
nnvoibA'  of  ameliorations  which  they  will  alFord 
in  our  ftimaces,  our  workihops,  and  our  manu* 
fa^lories;  the  mafs  of  errors  which  they  will 
correal  and  that  of  the  prejudices  M'hich  they 
will  difpel ;   we  may  then  fonn  feme  notion  of 
4:he  great  benefits  the  French  people  will  receive 
from   thefe    new   eftablifliments.      Celebrated 
fa6ls,  which  will  occupy  a  ftriking  place  in  the 
hiftory  of  nations,  have  already  lliewn  in  the 
moft  efFedual  and  permanent  manner  the  pow- 
ers of  chemiftry  to  advance  the  public  economy, 
and  infute  the  fafety  and  the  defence  of  na- 
tions«     The  annals  Of  the   French  revolution 
win  tell  to  the  workl,  how  much  the  war  of 
liberty  is  indebted  tt^.the  inventions  and  to 
th?  lefource^'  of  chemi'ftry;     Fi-ance,  prellfed  by 
po^erfikl  iqfti'tiiim^rous  enemies,  blockaded  at 
i<$i.by  their  cbloffal  fleets,*  deprived  of. the  pro^ 
d\x&^  whiob^coiumei'ce  afforded  her  in  ordinary 
tim^- was'deftitutfi' oi'  faitpeti-e,  of  copper,   of 
fteel,  csfiiiiercuty,*df*?liilphuiv  ot"  leather,  and  of 
a  number x)f  other  lobjje^lsjnaare  or  lefs  neccHary 
to  the  wants  and  the^fupport  of  its  inhabitants. 
The  arms  pf  her  nuriierous  and  valiant  defend- 
erB  could  not  qife^l  this,  and  lier^fQldicrs  them- 
fclres  were  deftiti^te^  of  mins'^ta  render  them 
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formidable  to  her  enemies.  Her  foil^  fo  rich 
in  produ6lions,  did  not  feem  calculated  to  afr 
Tord  what  her  commercial  induftry  had  till 
then  obtained  in  foreign  countries,  Without 
the  genius  of  chemical  fcience,  fhe  would  have 
been  threatened  with  an  abfolute  Want  of  the 
means  of  defence.  An  aftive  adminiftratiou 
accuftomed  to  overcome  every  refiftaiice,  be? 
caufe  it  felt  all  the  power  of  the  French  people, 
and  becaufe  it  knew  how  to  employ  the  whole 
of  their  force,  Conceived  the  hope  of  finding  ii^ 
chemiftry  what  the  ordinary  courfe  of  manur 
faftories  could  not  furnifli,  and  what  intenupt- 
ed  commerce  refufed;  It  called  together  the 
moft  enlightened  cbemifts,  united  them  and 
explained  to  them  its  preffing  and  extenfive 
wants,  the  confidence  which  it  placed  in  their 
knowledge,  and  the  afliftance  it  demanded  from 
them.  Its  expedlatioii  was  not  difappointed ;  j 
its  hopes  were  realized  even  beyond  the  point 
to  which  they  were  direfted !  We  have  ft^n  all 
France  informed  by  this  affembly  qf  learned 
men,  of  the  immenfe  quantity  of  faltpetre  which 
nature  had  depofited  in  her  bofora;  we  have 
f«en  the  whole  ftate  converted  into  faltpetre 
works,  all  the  citi^eri^  occupied  and  emulating 
each  other  in  the  feareh  and  extraftion  of  this 
fait.  Speedily  the  national  manufaftories,  the 
arfenals,  the  ports,  the  ftrong  places,  and  the 
camps,  became  fo  fully  fupplied  by  this  im- 
menfe formation,  beyond  every  meafure  »and 
proportion  till  then  known,  that  after  fcveh 

years 


PRELIMIIfART    DISCOURSE.  25 

years  of  dreadftil  \rar  this  vaft  provifion  *  is  ftill 
far  from  being  exhaufted,   and  the  movement 
communicated  by  this  vaft  enterprife  may  in* 
deed  be  retarded,  but  can  never  be  entirely 
ftopped.     This  famous  inftance  never  will  be 
loft.     Chemiftry  has   proved   that  after  fome 
years  of  repofe,  the  earth  of  cow-houfes,  of  avi* 
^ries,  of  fta.bles,  of  cellars,   of  caves,   and  of 
ahnoft  all  the  places  inhabited  by  or  ferving  as 
receptacles  for  ftoring  animal  or  vegetable  fub- 
ftances,  becomes  again  charged  with  faltpetre, 
and  that  a  new  extradion  of  that  fait  made 
with  aftivity  fimilar  to  that  of  the  former,  and 
with  more  regularity  and   method   than  that 
could  be  in  the  difficult  times  in  which  it  took 
'  place,  will  again  affbrd  a  greater  quantity  of 
that  fait  than  was  at  firft  obtained.     Here  then 
is  an  incxhauflible  fupply  difcovered  by  cher 
miftry  of  a  fubftance  moft  ufeful  to  the  nationaj 
defence,  and  of  the  higheft  advantage   to  a 
i^umber  of  the  works  and  mapufaciories.     The 
fame  men  taught  the  method  of  purifying  this 
natural  produQ;  in  a  few  hours,  inftead  of  more 
(ban  a  month  .which  it  formerly  required,  and 
by  that  mean^  to  render  it  proper  for  the  com- 
pofitipu  of  gunpowder,  of  which  the  febrica- 
fion  has  becopie  at  once  more  fpeedy  and  lefs 
dangerous.     Is  it  neceffary  to  recall  what  they 
have  done  at .  the  fame  period,  to  remove  the 
fame  diftrefs,   in  the  cafting  of  artillery,  the 
refining  and  extrafiling  pure  copper  from  belt 
metal,  and  converting  it  into  coip,  in  the  fa- 
brication 
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brication  of  fted^  of  mufquets,  of  fabres,  and  of' 
ill  the  arms  into  'tbe  compofition  of  which  iron 
enters  under  that  form  or  in  the  ftate  of  fteel  ? 
Keed  I  fpeak  of -the  new  refources  which  they 
have  offered,  and  the  new  arts  which  chemiftry 
has  created  for  the  quick  tanning  of  lkins,.thc 
compofition  of  foap,  the  eftablifliment  of  aeror 
ftatic  balloons  calculated  to  direct  the  march 
of  our  armies  ;  the  formation-  of  new  weights 
and  meafures ;  tliepreparation  of  artificial  cray^ 
ons ;  for  the  bleaching  and  re-manufafturing  of 
printed  paper;  for  the  procefles  fo  ingenious 
and  fo  delicate  for  the  fabrication  of  aflignats  ? 
All  thefe  tefl:rmonials,  all  thefe  monuments, 
raifed  at  once  among  a  great  people,  and  which 
have  figiialized  the  acquifition  of  its  rights  as 
vkII  as  ferved  to  eftablifli  its  libeity  on  an  eter- 
nal foundation,  will  for  ever  remain  among 
poiiflied  nations  as  imperiihable  proofs  of  blef- 
fings  which  the  cultivation  and  improvement 
of  chemiftry  are  calculated  to  extend  to  man^. 
kiiid. 

It  is  to  France  that  the  renovation,  the  com- 
plete- reftoration,  and  the  perfe6lion  of  this 
beautiful  fcience  are  due;  and  as  it  wasjuft 
that  flie  fhould  receive  the  advantages  of  this 

« 

fcience  on  a  grand  and  important  occafioh 
when  her  exifl:ence  and  fupportwere  at  ftake, 
it  is  no  lefs  natural  that  flie  fliould  behold 
within  her  own  limits  the  moft  extenfive  efta- 
blifliments  deftined  to  augment  the  progrefi 
and  extend  the  powers  of  chemiftry. 

Such 
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Such  is  the  natirre  of  the  work  which  I  now 
jmblifh  under  the  title  of  a  "Syftem  of  Che- 
mical Knowledge,  and  its  Applications  to  the 
Phenomena  of  Nature  and  of  Art.  **  After  hav- 
ing fucc^ffively  given  to  the  public  different 
dement ary  works  of  chemiftry,  under  forms 
varied  and  appropriated  to  the  end  which  I 
ppopofed  to  myfelf  in  each,  all  of  which  were 
merely  ddfigned  to  exhibit  the  firft  principles  of 
the  feience,— I  have  now  undertaken  to  colle6k 
all  its  truths,  to  combine  the  whole  of  them  in- 
to a  more  complete  and  more  ample  treatife  than 
any  which  has  hitherto  been  formed,  and  more 
cfpecially  to  difpofe  them  after  a  particular 
method,  in  a  new  order  of  which  the  experience 
of  ,many  years  of  public  and  private  inftruftion 
has  Ihewn  me  all  the  advantages.  I  have  been 
defirons  if  not  to  colle6t  all  the  known  fafts  of 
chemiftry,  at  leaft  to  unite  many  more  than  are 
found  in  any  treatife  which  has  yet  been  pub- 
liihed.  This  appears  to  me  more  particulariy 
neceffary  from  the  a6hial  ftate  of  modem  dif- 
coveries  of  which  no  work  contains  any  con- 
fiderable  part. 

The  ''  Philofophy  of  Chemiftry'*  which  I 
publifhed  fome  years  ago,  and  which  has  been 
received  by  a  difcriminating  public  with  a  de- 
gree pf  indulgence  and  favour  I  never  dared  to 
hope  from  the  work  itfelf,  though  its  fonn 
ana  its  progrefe  did  not  appear  to  rae  without 
fome  value  for  the  information  of  the  aftual 
^te  of  the  fcience ;  the  Philofophy  of  Che* 

miflxy 


28  PitELIMINARY    DISCOURSE. 

miftry  was  particularly  direfted  to  afcertain  the 
opinions  of  men  of  fcience,  concerning  the 
general  method,  of  explaining  the  firft  truths  of . 
chemiftry,  which  I  there  fketched.  Satisfied 
with  the  impreffion  which  it  had  produced 
among  the  cultivators  of  this  fcience,  and  CQUr  ^ 
fequently  with  the  trial  to  which  this  firft  worl^  . 
was  direfted,  I  purpofed  to  follow  a  funilar  me^: 
thod  in  the  detailed  expofition  of  chemical 
fads.  I  have  been  defirous  of  prefcribing  to  the 
ftudy  of  the  fqience  in  its  utmoft  extent,  the 
fame  courfe  which  I  have  already  followed  in 
announcing  its  firft  principles.  Though  I  have 
not  pretended  to  exhauft  all  the  fads,  the  ex- 
periments, the  phenomena,  and  the  refults  •  of 
chemiftry,  an  objed  perhaps  above  the  powers- 
of  any  individual,  however  induftrious  or  en- 
lightened ;  I  have,  at  leaft,  endeavoured  to  col- 
led the  greater  part,  and  to  prefent  an  entire 
ftrudure  fo  complete  as  to  l^av0  little  m^re  to 
bedefired 

No  work,  among  thofe  which  have  fallea 
under  my  obfervation,  has  been  formed  with 
the  fame  views  or  arranged  on  the  fam^eplan.. 
There  is  not  any  work  in  which  an  accurate 
and  methodical  Iketch  of  the  new  difcoveries 
has  been  prefented,  or  their  connexion  and 
their  relations  can  be  feen.  I  cannot  even 
>vith  propriety  give  the  name  of  Elements  to 
this  work,  after  thofe  which  I  have  publ|lhed 
\Lnder  title,  and  which  are  entirely  different 
Fads  which  far  (exceed  in  nunibey  wjjat  is  ne- 
,  ...  .  ceffary 
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teffary  to  conftitute  the  fimple  ekments"  of  a 
fcience ;  a  new  method  fingularly  different 
from  that  which  diFe6ied  me  in  compofmg 
thofe  works;  a  much  more  extended  plan  in 
their  .explanation ; .  and  numerous  explanations 
which  would  have  been  mifplaced  in  elementaiy 
treatifes :,  thefe  confiitutq  t^be  .  principal  dif* 
ferences  between  the  two  kinds  of  works. 

Indeed^  if  we  confider  this  work  with  regard 
to  the  obje^  it  comprehends  aiHi  the  purpofe 
to  which  it  is  directed,  namely,  of  explaining 
the  phenomena  of  nature  and  of  art ;  if  the  difi- 
tance  be  meafured  which  ftill  feparates  it  from 
that  which  natural  philofophy,  or  phyfics, 
viewed  in  its  greateft  extent,  would  ftill  demand 
to  render  it  complete  and  without  defcft,  then 
this  -work  may  ftill  be  regarded  as  an  elemen- 
tary treatife.  It  is  thus  that  one  of  the  literary 
monuments  which  moft  eminently  honours  our 
age,  fo  remarkable  for  its  progrefs  in  the  fci- 
ences;  the  immortal  work,  of  Haller  on  the 
philofophy  of  the  human  body,  bears  the  mo- 
deft  titl^  of  Elemefits  of  Phyfiologj^^  though  it 
is  one  of  the  moft  learned,  the  moft  proiouud, 
the  moft  erudite,  and  the  moft  extenfive  that 
has  ever  been  compofed.  Its  illuftrious  author 
beftowed  on  it  this  denomination  of  elements 
from  a  comparifon  of  what  it  was  with  relation 
to  the  powers  of  nature'  and  thofe  ptlier  fa6l^ 
which  are  required  for  the  difcovery .  of  its 
myfterious  operations.  Without  doubt  this 
title  bears  more  particular  relation  to  fts  great 

defe<fts 


defe6ts  than  to  the  labours  which  it  requifti 
from  Haller  himfelf ;-— to  the  weaknefe  of  hu«^ 
man  nature  rather  than  to  the  laborious  eiFortd 
which  it  coft  its  author:  Under  this  point  of 
view,  the  work  which  I  publifli,  very  far  froBft 
refembling  Haller's  work  in  its  immenfity  <*f 
reiearch,  to  which  I  do  not  pretend  to  compare 
it,  though  it  has  with  it  fome  other  relations  ^ 
foreign  to  that  of  erudition,  ftill  ihuft,  never- 
thelefs,  prefeflt  to  the  philofopher  very  imper- 
feft  elements  of  the  fcience  of  nature,  to  which 
I  confecrate  it. 

But  it  is  not  thus  that  we  fhould  exaitiin^ 
fcientific  works,  when  the  lifes  are  conlidei«d 
to  which  they  are  defigned.  The  elements  of 
the  fciences,  far  fhort  of  the  grandeur  and 
majefty  of  nature,  of  which  they  ever  Avill  b* 
tlie  feeble  outlines  and  very  imperfe6i  defigns, 
can  only  be  fimple  reprefentations  of  the  firft 
and  of  the  moft  general  truths  which  have  been 
obtained  concerning  natural  phenomena.  Long 
details,  pmfound  difcuffions,  great  coUeftions 
of  numerous  facts  are  entirely  foreign  to  them, 
and  only  tend  to  withdraw  the  attention  of  the 
ftudent. 

As  they  are  compofed  for  the  purpofe 
of  initiating  in  the  firft  principles  of  fci- 
ence, men  who  poffefs  no  previous  know- 
ledge, it  is  neceflary  they  Ihould  be  accommo- 
dated to  minds  yet  unprepared  in  the  ftudy, 
that  they  ihould  be  fimple  and  precife,  that 
they  fliould  contain  only  the  fimple  enuneia^ 

tion^ 
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fions  dear  from'  the  mafs  of- proofs,*  digrcffions^ 
explanative  details  and  .  coHiplicated  fads. 
Such  was  the  method  of  conlidering  and  pro- 
ceeding in  the  compofition  of  the  Philofophy 
of  Chemiftry.  I  may  perhaps  have  even  car- 
ried my  precifion  too  far ; .  brevity  may  perhap:! 
have  rendered  me  obfcure,  a  fault  which  I  fliall 
endeavour  to  amend  in  another  edition :  but  I 
was  more  defirous  of  exciting  reflexion  and 
mieditation,  of  leading  the  readers  to  confider 
the  axioms  which  compofe  this  work,  than  to 
miflead  him  in  the  labyrinth  of  details,  or 
load  him  with  verbofe  difcuflions  and  expla- 
nations. 

When  men  engaged,  in  the  ftudy  of  natural 
fciences,  have  acquired  the  fifft  notions  which 
elementary  books  prefcnt  to  them ;  when  they 
are  penetrated  by  the  original  truths  which  arc 
*  there  announced,  and  are  become  familiar  to 
them  V  they  then  become  capable  of  proceeding 
to  greater  depths,  of  comparing  the  dificrent 
Mih  txwth  compou^^Jded  fafts,  of  difcovering 
defidefatft.*ad  difficulties,  and  of  comprehending 
all  the  delicacy  and  fublimity  of  the  fciencc. 
Thus  qualified,  they  may  and  ought  to  read 
Worlife' toojf^f  advanced,  more  difficult,  and  more 
eM8il*ed  «h^  tlfc  fimple  elmients.  They  alfo, 
Kqttke'itt  thi*  period  'of  their  ftudies,  trcatifes 
toolte  iiftv^loped,  moiie  pnofouhdji— learned  dtf-* 
c^ob^,  t^tetfTes  of  fa6l^,  more  calculated  to 
give  light  and  ccmyiftion  to  minds  now  be^ 
come  tod'e  feftidious/  and,   at  the  fame  time', 

-  more 
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more  ardent  in  refearch,  Simple  inftruftiott 
without  difcuffion  or  collateral  proof  is  now 
infufficioirt.  They  will  be  delighted  to  con- 
template the  proofs  of  fads,  the  objeftions  of 
critics,  and  the  diverfity  of  opinions :  far  from 
being  difcouraged  by  details  or  confufed  by 
difficulties,  they  earneftly  feek  the  one,  and 
endeavour  to  overcome  the  others*  It  is  alio 
proper  to  fliew  to  them  the  defeats  with  which 
the  fciences  ftill  abound,  the  obftacles  which 
remain  to  be  furmounted,  the  phenomena  which 
have  not  yet  been  explained,  in  a  word,  to 
compare  for  themfelves  what  they  poffefs  of  re- 
ality, certainty,  and  demonftration,  with  what 
is  only  probable,  or  the  fimple  outlines,  or 
views  only  to  which  they  lead ;  in  a  word,  to 
open  to  them  their  whole  career  wittiout  pre- 
tending to  conceal  the  fa6ls  which  are  obfcure 
or  imperfectly  known,  and  the  little  fpace  yet 
cleared,  when  compa^red  with  what  tbey  have 
to  acquire.  Thofe  fubjefb  which  would  fa^  - 
tigue  or  difcourage  the  beginner  whofe  flej^ 
ought  to  be  dire6led  with  certainty,  and  m 
proportion  to  the  wes^knefs  of  his  power,  are 
well  adapted  to  the  acquired  force  of  thofe  who 
have  overcome  the  firft  difficulties,  and  who,  if 
conduced  in  the  true  and  per^icuous  courfe  of 
elementary  knowledge,  will  bum  to  engage  in 
all  the  fubordinate  inquiries  which  have  been 
concealed  from  them.  He  who  is  already  flcilt- 
ed  in  the  principles  of  the  fciences,  and  their  ele- 
incntary  ^notions ; — who  feels  a  real  difpofition 

for 
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for  refearch,  will  require  not  only  all  the  details, 
and  the  moft  extenfive  knowledge  of  fa6ls,  but 
alfo  an  exhibition  of  all  the  means  which 
have  been  adopted  to  arrive  at  that  knowledge, 
to  feize  from  nature  her  minuteft  fecrets  and  to 
penetrate  the  myfteries  which  fhe  has  veiled 
from  our  eyes.  Then  it  is  that  by  truly  ap- 
preciating the  genius  of  the  fciences,  by 
eftimating  all  their  refources  and  by  contem- 
plating their  fpirit  and  their  difficulties,  they  at 
length  behold  their  connexion  with  the  power 
and  the  phenomena  of  nature ;  they  can  then 
make  ufeful  applications,  and  form  a  proper  efti- 
mate  of  the  pleafure  and  advantages  derived 
irom  this  fcience. 

This  is  the  obje6l  to  which  it  was  my  inten- 
tion to  direft  my  new  work.  Defigning  it  for 
thofe  who  wifli  to  ftudy  chemiftry  in  all  its 
minute  parts,!  have  conceived  it  as  of  fuperibr 
rank  to  the  Elements,  under  whatever  form  I 
may  have  varied  them  during  the  laft  twenty 
years.  As  the  proje6l  w^hich  I  have  been  de- 
lirous  of  executing,  embraces  a  ly  ftem  of  eight 
views  which  have  pot  yet  been  prefented  in  any 
treatife  of  chemiftry,  I  think  it  proper  to  ex- 
plain with  fufficient  development  in  this  place, 
the  extent  of  my  plan  and  the  means  which  I 
have  ufed  in  endeavouring  to  carry  it  into 
effea. 

All  the  branches  of  chemical  knowledge, 
confidered  in  that  vaft  extent  which  they  com- 
J)rehend  for  thofe  who  wiih  to  acquire  them 

Vol.  I.  d  completely, 
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completely,  and  who  feel  the  Courage  to  ftudy 
them  till  they  fliall  have  obtained  that  ftate  to> 
which  our  age  has  earned  them,  may  be  divided 
into  fouf  great  parts,  all  equally  independent 
of  each  other,  or  at  leaft  capable  of  being  de- 
tached and  treated  feparately,  tliough  they  are 
all  effentially  rrlated,  and  though  their  reunion 
may  be  regarded  as  neceffary  to  oonftitute  the 
perfeftion  of  the  fcience : 

The  firft  is  the  theoretic  part,  or  the  Theoht 
of  the  fcience. 

The  fecond  comprehends  its  HiSTOR'tr, 

The  third  appertains  to  the  Practice. 
-    And  the  fourth  includes  its  A  p  p  l  i  c  a  t  i  o  N  s^ 

Let  VLB  take  a  view  of  the. nature,  the  differ 
rence,  the  refpeciive  analogies  and  the  relative 
difpofition  of  thefe  four  parts^  which  envelop 
and  circumfcribe,  as  within  an  iinmenfe  circle 
the  whole  mafs  of  chemical  faftsr 

By  the  Theoretic  part  of  chemiftry,  I 
mean  to  denote  a  methodical  expofition  of  aU 
the  facts  belonging  to  that  fcience,  and  whieh^ 
ill  the  regular  difpofition  they  ought  to  poffel^ 
as  well  as  in  the  fimple  enunciation  of  the 
rcfults  they  afford,  prefents  them  equally  di- 
veiled  of  the  experimental  details  or  proofs 
which  belong  to  the  praftical  part;  and- of  .the 
diflerent  proceedings  by  which  the  human 
mind  has  been  enaWed  to  difcover  them,  as 
well  as  of  the  hiftory,  and  the  numerous  data 
they  afford  for  explaining  the  phenomena  of 
fiature  or  the  procefles  of  the  arts,  which  alfo 

belong; 
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belong  to  the  department  of  applications.  This 
firft  part  of  chemiftry,  being  truly  the  fcience, 
of  which  the  aim  is  really  to  exhibit  the  whole 
of  the  fafts  and  to  conne6l  them  together  by 
to  accurate  method,  ought  to  be  treated  fepa* 
fately  and  in  the  firft  place ;  not  only  becaufe 
the  objefts  it  embraces  being  numerous  and  ex- 
tended would  be  rendered  confufed  by  aflbcia- 
tion  ,with  the  three  others ;  but  alfo  becaufe 
fhey  conftitute  the  bafis  of  chemical  know- 
ledge, and  muft  naturally  precede  every  Jfther 
fubje6l,  confifting  only  of  proofs,  refults,  or  de- 
pendent parts.  No  one  can  be  a  chemift  with- 
out poffeffing  the  theory ;  no  progrefs  can  be 
iofiade  in  the  ftudy  of  either  of  the  three  other 
parts,  if  the  grand  developments  which  the 
theory  affords  to  the  principles  of  the  fcience 
do  not  precede  thefe  fecondary  parts ;  in  a 
word,  he  only  is  the  chemift  who  is  well  ac- 
quainted with  it,  though  no  one  can  become 
a  profound  and  inventive  chemift  but  by 
iubfequent  application  to  the  other  depart* 
xribnts. 

The  History  of  chemiftry,  conftituting  in 
my  plan,  the  fccond  part  of  thofe  extenfive  de- 
partments of  information  which  comprehend 
the  whole  of  the  fcience,  is  not  what  is  ufually 
underftood  by  this  name  in  the  greater  number 
of  chemical  books*  The  firft  pages  of  thefe 
tp&tifes,  the  introduftions,  the  preliminary  dif- 
courfeS  ordinarily  prefent  an  imperfe6t  Iketch 
of  the  principal  epochs  or  periods  of  the  fci- 

d  g  ence : 
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ence ;  a  fketch,  decorated  to  no  purpofe  with 
the  title  of  the  hiftory  of  chemillry,  with  regard 
to  the  manner  in  which  I  apply  thefe  tenns  m 
iny  work.     This  part,  which  I  regard  as  a  com- 
plete and  very  eflential  member  of  the  fcience, 
taken  in  its  utmoft  extent,  requires  details  and 
developments  of  which   there  are   only  very 
incomplete  fketches  in  the  works  we  poffefs. 
It  ought  not  only  to  confider  and  fix  all  the 
epochas  of  chemiftry,   to  diftinguifh  them  care-^ 
fully  from  each  other,  but  even  to  examine  all 
the  difcoveries  made   at  different  periods,  -to 
fhew  their  connexion  with  each  other,  their 
fucceflTion,  the  progrellion  they  have  followed, 
the  manner  in  which  each  truth  has  been  dif- 
covered ;  it  ought  to  notice  the  errors  which 
were  necefTarily  overthrown  before  the  accurate 
difcovery  of  obfefved  fafts-^  it  fliould  apply  this 
method  of  precife  hillorical  refearch  to  each  of 
the  fafts  in  particular,  and  particularly  to  thofe 
of  the  mofl  importance,'  becaufe  they  form  the 
bafis  oi  the  fcience.     It  follows,  no  doubt,  that 
the  hiftory  of  chemiflry,  viewed  under  this  re- 
lation, inflantly  demands  that  the  reader  fliould 
have  a  pofitive  knowledge  of  the  fa6ls  which 
eompofe  it,:  and  confequently  that  it  fliould  be 
preceded  by  the  theory  of  the  fcience.     For  this 
reafon, .  I  place  it  in  the  fecond  rank,  to  occupy 
the  fecond  part.     By. examining  all  the  details 
of  the  labours,  of  chemifts,  from  the  earliefl  pe- 
riods to  the  moft  modern  times ;  by  enumerat-. 
ing  the,  long  Kfl  of  difficulties  which  retarded 

the 
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tJie  elder  chemifts,  the  errors  they  committed, 
as  well  as  the  fucceffes  they  have  obtained,  we 
fliall  fee  how  the  general  theories  fucceedec' 
each  other;  why  they  at  firft  prefented  great 
vacancies  or  desiderata;  by  what  happy  cir- 
cumftances  thefe  gradually  difappeared  :  and  by 
tliis  means  the  fcience  will  be  truly  inveftigated, 
the  conneclipn  of  its  fads  will  be  well  deter- 
Hiined;  and  its  hiftory,  prefented  under  this 
ufeful  form,  will  exhibit  an  intereft  of  M'hich  it 
has  not  yet  appeared  capable. 

The  third  part  of  that  general  chcmiftry,  of 
whiqh  I  have  conceived  the  plan,  ipcludes  the 
PRACTICE  of  the  fcience :  it  contains  the  claifi- 
fication  of  the  inftruments,  the  veflels,  and  the 
apparatus  of  every  kind  ;  the  feparate  defcrip- 
tion  of  each  of  their  differences,  of  the  varia- 
tion of  their  forms,  and  materials,  of  their 
ufes,  the  changes  which  they  have  undergone, 
the  improvements  they  have  fuccellively  ex- 
perienced, the  manner  of  ufmg  them  to  the  ut- 
moft  advantage.  It  confifts  of  a  defcription  of 
a  chemical  laboratory,  of  the  utenfils  which 
are  platred  there,  and  of  the  means  of  employ- 
ing them  in  the  difcovery  of  chemical  truths. 
From  this  firft  bafis  of  the  practice,  it  is  proper 
to  pafs  to  the  defcription  of  experiments,  of 
operations,  of  procefles,  of  their  diflerences,  of 
the  methods  and  manipulation  necctfary  to  ob- 
tain the  refults  and  products  which  form  the 
objefts  of  refearch.  This  part,  fo  neceffary  to 
the  chemift  by  profeffion,  Ihould  be  detached 

from 
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from  that  which  is  taught  by  the  theory,  an4 
alfo  from  that ' which  the  hiftory  compreliends ; 
becaufe  the  long  details  which  it  requires  would 
obfcure  the  clearnefs  which  ought  to  reign  in 
the  fornier,  and,  mixing  without  advantage  with 
thofe  which  belong  to  the  latter,  they  would 
themfelves  lofe  that  perfpicuity  which  is  their 
leading  merit  anfl  indifpenfable  to  their  real 
utility.  Hence,  it  is  requifite  that  it  fhould. 
form  one  of  the  primitive  branches  of  the  trunk 
of  fcie^ce,  diftin6l  from  the  three  others,  and 
be  treated  by  itfelf  Although,  during  the  laft 
fixty  years,  a  great  number  of  valuable  and 
,  ufeful  works  have  been  publiflied  under  the  titles 
of  Practical  Chemijiry,  Experimental  Chemif' 
try^  Chemical  ProcejffeSy  and  Manuals  of  Che^ 
mijiryy  the  fcience  is  almoft  totally  without  a 
complete  defcription  of  its  proceffes,  its  mani- 
pulations, of  its  apparatus  and  of  its  modem 
experiments.  The  foimation  of  a  work  of  this 
kind,  it  is  true,  involves  great  difficulties  ;  but 
it  is  of  fo  great  importance  in  explaining  the 
advantages  of  chemiftry,  and  to  extend  a  tafte 
for  it,  as  well  as  the  manner  in  which  it  obtainsi 
all  its  new  refults,  that  it  is  extremely  defirable 
that  it  ihoula  be  made  a  leading  obje6t. 

Laftly,  I  confider  as  the  fourth  and  laft  part 
of  the  fcience  of  chemiftry,  confideretl  in.  all 
its  extent,  -the  Applications  which  may  be 
made,  both  to  underftandiiig  and  explaining 
the  phenomena  of  nature,  and  the  proceffes, 
to  the  practice  and  to  the  improvement  of  the 

arts. 


X 


PRELIMINARY    DISCOURSE.  $9 

arts.  This  part  is  as  vaft  in  its  execution  and 
extent,  as  it  is  important  by  the  fervices  which  it 
has  rendered  and  continues  to  render  to  fociety. 
It  is  alfo  towards  this  objedl,  namely,  the  ap- 
plications, that  t)ie  efforts  of  chemifts  ought  to 
be  and  in  feft  are  directed :  it  is  by  thefe  that  we 
may  hope  to  bring  into  the  rank  of  exa6l  and 
pofitive  fciences,  mineralogy,  geology,  meteo- 
rology,  ahnoft  totally  abandoned  at  prefent, 
the  firft  to  a  nomenclature  nearly  fterile,  the  fe- 
cond  to  romances  or  to  a  fpecies  of  improbable 
or  imaginary  fictions,  and  the  laft  to  feries  of 
obfervations  fo  incoherent,  and  fo  independent 
of  each  other,  that  their  ufelefs  mafs  is  an  op- 
preflion  to  philofophers.  In  the  ftudy  of  the 
properties  of  vegetables,  the  chemical  appli- 
cations or  the  data  of  chemiliry  are  alone  ca- 
pable of  giving  that  light,  which  the  obferva- 
tions of  naturalifts,  notwithftanding  their  num- 
ber and  their  fagacity,  have  not  yet  been  able 
to  afford : .  thefe  alone  can  throw  light  upon  the 
vegetable  phyfiology  and  agriculture,  as  lb 
many  of  the  modern  difcoveries  at  prefeiit 
prove.  It  is  equally  well  kno\vn  that  thefe  dif- 
coveries Avail  afford  a  number  of  truths  in  the 
natural  philofophy  of  animals  and  ni  medicine : 
what  has  lately  been  effected  in  many  princi- 
pal points  of  phyfiology,  proves  that  there  is 
more  to  be  expe6ted  from  chemiftry  than  from 
all  the  other  fciences  applied  to  animal  phyfics, 
fmce  anatomy,  the  moft  important  of  the  lat- 
ter, notwithftanding  its  prefent  accuracy  and 
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perfe6lion,  has  prefented  no  difcoveries  of  equal 
value.  After  this  principal  branch  of  chemical 
applications  to  the  phenomena  of  nature,  how 
important  are  thofe  whicli  are  relative  to  the 
arts  !  All  the  manipulations  by  which  the  prd- 
perties  of  natural  produ6iions  are  changed,  to 
render  them,  by  a  thoufand  forms  and  new 
qualities,  ufeful  to  our  diiferent  wants,  are  truly 
the  operations  of  chemiftry.  The  chemical  arts 
depend  fo  much  on  that  fciehce,  they  are  fo 
combined  with  its  proper  exiftence  and  its  ad- 
vancement, that  all  the  fteps  which  it  makes 
in  the  knowledge  of  bodies,  all  the  difcoveries 
with  which  it  is  daily  enriched,  are  fo  many 
new  acquifitions  for  the  arts ;  it  perpetually 
improves  them,  adds  to  their  proceffes  and 
creates  new  ones.  Hence  it  is  evident  of 
what  prodigious  extent  this  fourth  part  of 
chemiftry  is .  fufceptible :  it  is  evident  that 
it  may  be  divided  into  fix  branches  equally 
important ;  three  of  applications  to  the  fciences, 
to  the  philofophy  of  mineral,  vegetable  and 
animal,  and  three  of  applications  to  the  che- 
mical arts;  namely,  thofe  which  are  exer- 
cifed  upon  foffils,  thofe  which  are  occupied 
on  the  produfts  of  plants,  and  thofe  which  re?* 
late  to  animal  matters. 

Though  thefe  four  parts  appear  to  be  equally 
neceffary  for  the  completion  of  the  general 
plan  which  I  intend  to  follow,  it  is  neverthe- 
lefs  eafy  to  conceive  that  each  of  them  may  be 
treated  feparately  and  publifhed  alone.     The 

intire 
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intire  work  deman^Js  fuch  ipceflant  and  long 
<:ontinued  labour,  that  it  is  probable  the  life 
of  one  man  is  inlufficient  to  terminate  it  com- 
pletely. I  have  long  collefted  materials  and 
meditated  its  execution.  The  firft  part  or  ge- 
neral theory  of  the  fcience  is  completed  in  the 
work  which  I  here  prefent  to  the  world.  The 
fecond  has  already  been  traced,  though  indeed 
as  a  mere  fketch,  in  the  third  volume  of  the 
Di6lionary  of  Chemiftry,  forming  part  of  the 
Encyclopsedia*  As  to  the  other  two  parts,  I 
^  have  hitherto  occupied  myfelf  only  in  colle6t- 
ing  certain  materials  which  will  enter  into  their 
compofition.  Thu3the  System  of  Chemical 
Knowledge  which  I  now  publiih,  and  of 
which  this  difcourfe  is  the  preliminary  intro- 
duction, forms  in  reality  the  firft  part  of  the 
great  work  of  which  I  have  announced  the  ge- 
neral plan. 

The  title  of  th<^  prefent  treatife  neverthelefs 
announces  that  it  contains  at  leaft  a  fummary  of 
the  fourth  part,  namely,  the  applications  of  the 
fcience.  But  I  muft  here  explain  the  notions 
which  have  dire6led  my  pen,  and  the  reafons 
that  have  induced  me  not  to  execute  rigoroufly 
the  firft  projeCl,  fuch  as  I  have  here  detailed  it. 
If  it  had  been  permitted  me  to  hope,  or  if  I  could 
have  been  fure  that  the  complete  execution  of 
the  projecl  and  the  formation  of  the  ifour  parts 
which  compofe  it,  could  have  taken  place,  I 
ihould  doubttefs .  have  followed  that  plan  with 
the  greateft  firiftnefs,  and  each  of  the  four  parts 
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would- have  been  treated  by  itfelf  and  without 
mixing  any  thing  which  belonged  to  the  three 
others.  I  have  ihown  that  the  fii*ft  part,  given 
feparately  to  the  public .  as  a  treatife  complete 
in  its  kind,  capable  of  appearing  and  contkauing 
in  the  literary  world  without  being  followed  by 
any  of  the  three  following  parts,  ought  at  leaft 
to  prefent  fome  fketches  or  concife  views,  fome 
of  the  leading  outlines  of  the  other  parts,  as 
well  to  break  the  dida6lic  monotony,  which 
would  not  have  become  an  indifpenfable  duty 
except  in  the  cafe  of  the  otker  parts  having 
been  pubjiihed  at  the  fame  time,  as  to  unite 
a  notion,  fuperficial  indeed  but  neverthelefa 
ufeful,  of  the  nature  and  of  the  advantages  - 
of  each  of  thefe  parts  of  the  Tcience.  Thus,  , 
in  the  iketch  of  obje6ls,  according  to  this  plan 
foreign  to  the  •  theory  of  chemiftry,  I  have  li-» 
mited  myfelf  to  exhibit  fome  leading  examples 
of  its  application,  Jby  choofmg  the  moft  im- 
portant and  ufef uL  I  have  in  like  manner  chofen 
among  the  hiftorical  fa6ls  and  the  operations 
or  proceffes  of  chemiftry,  the  moft  prominent 
and  moft  proper  to  give  an  idea  of  the  a6lual 
ftate  of  the  praftice  and  of  the  hiftory,  at  leaft 
fuch  as  I  confider  them :  fo  that  the  fyftem  of 
fafts  which  I  have  been  defirous  of  prefenting 
to  ftudious  men,  though  relating  to  the  theory 
of  the  fcience  rather  than  to  its  other  parts; 
may  neverthelefs  ferve  inftead  of  thofe  parts, 
till  time- and  the   continuance  #.niy  labours 
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(hall  have' procured  for  them  thefe  laft  parts 
drawn  out  feparately* 

Though  I  have  thus  intermixed  the  theoretic 
truths  of  chemiftry  with  certain  traits  of  its 
hiftory,  with  many  practical  fa6ls,  and  with  its 
principal  applications  to  the  fciences,  the 
arts,  and  the  other  branches  of  human  know- 
ledge (thefe  three  kinds  of  notions  having  been 
confidered  here  merely  as  acceffories  to  the 
theory  which  fonns  the  bafe  of  this  work)  yet 
it  muft  be  underjftood  that  the  details  which 
relate  to  them  have  neither  the  extent  nor  the 
development  which  would  have  been  neceffary 
if  I  had  treated  them  fmgly.  The  hiftorical 
part  is  abfolutely  no  more  than  a  flight  flcetch, 
a  fort  of  firft  line  required  inftead  of  leaving 
the  names  and  the  labours  of  thofe  able  men  iii- 
tirely  unknown  to  whom  it  owes  its  principal 
difcoveries  on-  each  fubje6l.  Notions  of  ma- 
nipulation and  experiment  are  here  traced  Avith 
a  concifenefs  which  is  fufficient  to  explain  how 
far  the  aftual  procefles  of  the  chemical  art  dif- 
fer from  what  they  formerly  were,  but  not  to 
defcribe  the  operations  exactly,  fo  as  to  form 
the  pradical  chemift.  In  fhort,  the  principal 
applications  which  are  here  inferted,  being  pre- 
fented  with  great  precifion,  have  no  other  pur- 
pofe  than  tp  explain  the  great  advantages  with 
which  the  cultivation  and  the  profound  ftudy 
of  chemiftry  are  accompanied,  and  the  fervices 
which  it  is  capable  of  rendering  to  man.  They 
require  only  to  be  confidered  as  the  titles  or  fum- 
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maries  of  the  work,  or  rather  of  treatifes  which 
will  hereafter  be  publifhed  when  itfliall  be 
required  to  give  to  them  all  the  neceflary 
fcope  and  development.  But  among, thefe  ap- 
plications there  are  two  which  I  have  thought 
proper  to  develop  fomewhat  further,  on  ac- 
count of  the  great  intereft  which  they  excite 
with  regard  to  the  immenfe  and  immediate  ad- 
vantage  which  they  promife  to  natural  philo- 
fophy,  and  of  the  clearnefs  and  certainty  they 
have  derived  from  the  a6lual  ftate  of  chemiftry, 
of  which  no  one  would  have  thought  them  fuf- 
ceptible  twenty-five  years  ago.  Thefe  relate 
to  the  philofophy  of  vegetables  and  of  animals, 
as  I  ihall  fliew  in  the  fketch  of  the  method 
which  I  have  followed  for  the  compofition  and 
the  formation  of  this  work. 

In  the  foregoing  pages  I  have  ftated  the  man- 
ner in  which  the  principal  revolutions,  the  pre- 
fent  ftate  of  chemiftry,  the  rank  which  it  de- 
ferves  among  the  fciences,  the  advantages  ob- 
tained from  its  cultivation^  and  more  efpecially 
its  extent,  as  well  as  the  firft  divifion  of  four 
parts  into  which  I  apprehend  it  ought  to 
be  at  prefent  divided,  when  it  is  propofed  to 
profecute  the  ftudy  Avith  the  utmoft  effe€t.  I 
have  ihewn  that  the  work  which  I  now  publifh 
is,  properly  fpeaking,  only  the  jSrft  part  of  the 
great  work  of  which  I  have  formed  the  plan, 
and  for  which  I  have  not  ceafed  to  coUeft 
materials  during  twenty  years.  It  muft  be 
perceived  that  the  true  aim  of  this  work  is  to 
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effer  to  Undents  a  fyftematic  body  of  the  theo- 
retic knowledge  which  conftitutes  the  fcience  of 
chemiftry.  I  ihall  now  proceed  to  (late  how  I 
have  difpofed  thefe  fa6ls,  the  new  order  which 
I  have  adopted  to  form  a  methodical  feries,  the 
principal  fources  whence  I  have  procured  them, 
and  the  courfe  I  have  followed  in  its  conftruc- 
tion-  I  muft  communicate  to  thofe  who  take 
this  work  for  the  guide  of  their  ftudies,  the 
line  of  dirediion  according  to  which  I  have 
proceeded,  that  they  may  never  depart  from 
its  courfe,  but  may  always  have  prcfent  in 
their  mind  that  conftant  connexion  which  I 
hav^  endeavoured  to  eftabliih  between  all  the 
fafts,  and  be  enabled  to  judge  by  their  pro- 
grefs  in  thefe  ftudies,  whether  I  have  complete- 
ly fulfilled  the  purpofe  which  it  was  my  inten- 
tion to  accompli  ill. 

It  has  hitherto  been  a  kind  of  cuftom  gene- 
rally adopted,  which  by  convention  has  become 
almoft  a  law,  to  follow  the  method  of  the  na- 
turalifls  in  works  on  chemiftry ;  to  divide  thefe 
works  into  kingdoms,  as  in  digefting  a  courfe 
of  le6lures,  and  to  treat  each  of  thefe  king- 
dom$  in  fucceffion,  by  defcending  even  to  their 
minuteft  divifions.  This  courfe  being  the 
fam^  as  that  of  natural  hiftory,  has  been  prin- 
cipally admitted  by  writers  on  chemiftry,  fmce 
the  period  when  that  fcience  begaji  to  ihake  oft" 
the  yoke  of  phannacy,  under  which  it  had  for 
along  time  been  .placed.  When  the  principles 
of  chemiftry  were  generalized,  more  extended 
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notions  than  tliofe  of  the  mere  preparation  of  . 
medicines  were  embraced ;  when  this  fcience 
pretended  to  a  knowledge  of  all  the  produc-* 
tions  of  nature,  it  of  courfe  affociated  with 
naturalifts,  and  became  direfted  by  them.  Be- 
fore that  period,  chemical  works  were  mere 
formulae  of  pharmaceutic  preparations,  and 
neceffaiuly  prefented  divifions  or  a  method 
intirely  founded  on  the  relations  and  the  dif- 
ferences of  thefe  preparations, 

Atprefent  chemiftryoughtto  a6t,  with  regard 
to  natural  hiftory,  as  it  did  near  a  century  ago, 
with  regard  to  pharmacy,  though  much  m6fie 
aggrandized  by  this  laft  affociation  than  by 
the  former  to  which  it  owed  its  origin,  and 
from  which  it  could  not  be  feparated  till  aff^ 
it  ha4  acquired  a  certain  iucreafe.  It  ought 
at  prefentto  experience  the  defire  as  well  as  the 
neceflity  of  proceeding  alone  Without  foreign 
fupport,^  fince  its  courfe  is  fo  Well  diftinguilhed 
from  that  of  the  other  fcieiices ;  and  lince  its 
purpofe,  its  means,  and  its  refults  differ  fo  e^ 
fentially  from  them.  Some  authors  have  al- 
ready felt  this  neceflity,  and  have  attempted 
to  modify  and  even  to  change  the  order  fol- 
lowed till  their  time.  It  was  thus  that  theaci- 
demicians  of  Dijon,  in  the  elementary  work 
which  they  publiflied  in  1777,  as  the  bafis  of 
their  lectures,  without  confining  themfelves  to 
the  divifion  of  kingdoms,  adopted  for  their 
text  the  new  method  of  folvents  and  folutionsr, 
that  is,  the  bafis  of  affinities  or  chemical  at- 
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tfa^ions,  but  confidered  with  regard  to  fo- 
lution^^  the  principal  phenomenon  or  the  moft 
general  and  beft  known  operation  of  chemiftry. 
Convinced^  fince  the  confolidation  of  the 
pneumatic  do6lrine  and  the  publication  of  our 
methodical  table  of  nomenclature,  which  in 
If  87  already  afforded  an  expofition  of  bodies 
chemically  confidered  under  a  new  form,  that 
it  is  indifpenfably  iieccflary  to  adopt  for  the 
theory  of  chemiftry  an  order  completely  pecu- 
liar, and  exclufively  appropriate;  that  is  to 
fey,  founded  oa  the  infonnation  it  affords 
refpe6i;ing  the  nature  of  bodies,  I  faw  that 
the  method  which  it  is  neceffaiy  to  adopt 
ought  completely  to  differ  from  thofe  of  the 
Baturalifts.  In  faS,  they  confider  bodies  only 
as  tb^y  are  pFcfented  by  nature,  in  the  poffef- 
fion  of  the  whole  of  their  properties.  They 
are  even  obliged  to  fuppofe  them  pennanent, 
in  order  to  feize  with  accuracy  their  forms,  di-* 
mentions,  colours  and  apparent  flrudure;  if 
they  Avifh  to  fix,  by  the  regular  difpofition  of 
their  colleftions,  the  ideas  of  thofe  who  fludy 
tiiem,  on  the  charafters  of  the  natural  produc* 
tions  which  they  have  adopted,  it  becomes  ne- 
ccffary  they  fliould  abflraft  from  thofe  produc- 
tions all  the  caufes  of  change  and  of  deftrudion 
which  threaten  them.  The  anatomift,  guided 
tn  his  firfl  fteps  by  the  method  of  the  natural- 
ifts,  as  foon  as  he  has  deftroyed  the  connection 
of  the  parts  of  vegetable  and  animal  bodies, 
in  order  ta. become  more  intimately  acquainted 
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witfi  their  organization,  can  himfelf  no  longef    ^ 
permit  the  natural  characters  to  remain  as  his 
diftinguifliing  marks,  and  foon  perceives  the 
neceffity  of  feeking  for  others  from  the  inte- 
rior texture  of  thefe  beings  :  the  beft  and  moft 
ufeful  proceeding  he  can  adopt,  is  to  find  in 
the  concealed  organs  a  relation  or  fimilitude  of  ^ 
ftrufture  with  the  exterior  parts,  a  relation  from  ■ 
which,  after  the  maimer  of  Ariftotle,  general 
inductions  are  ably  drawn,  which  relider  the 
diftinClions  of  the  methodifts  founded  on  the 
apparent  or  fenfible  characters  more  exaCt  ancT 
luminous.  •: 

But  the  chemift  can  have  neither  the  fame 
progrefs  nor  the  fame  objeCt:  no  fubflancein 
his  refearch  remains  in  its  natural  ftate ;  he 
deftroys  its  texture ;  he  feparates  its  integrant 
parts ;  he  caufes  all  its  properties  to  difappeart 
At  the  firft  moment  he  deftroys  all  its  exterior 
or  apparent  characters  ;  and  though  the  natural 
method  is  calculated  to  guide  him  in  the  choice 
of  the  fubjeCts  which  he  examines,  he  is  foon 
obliged  to  facrifice  it  intirely  to  his  operations; 
he  feeks  and  he  finds  refults.abfolutely  different 
and  in  a  certain  degree  oppofite  to  thofe  of  the 
naturalifts.  By  fubmitting  bodies  to  analyfis^ 
he  difcovers  their  intimate  nature;  he  deterr 
mines  what  is  the  order  of  their  fimplicity  or 
their  compofition;  he  caufes  the  properties 
which  form  their  fenfible  or  apparent  charac- 
ters quickly  to  vary ;  he  ftudies  the  attractions 
which  the  conftituent  principles  of  bodies  obey; 

and. 
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tod,  conftantly  occupied  with  particles  fo  fine 
and  deKcate  that  they  ceafe  to  be  vifible,  he 
wanders  far  from  the  naturalift,  who  only  ob- 
ferves  the  regular  or  organic  aggregation  of 
bodies  in  poffeffion  of  their  form,  their  extent; 
and  all  tlie  properties  which  depend  on  the  per- 
feftion  as  well  as  the  pennarience  of  their  com- 
pofition  or  ftru6lure. 

It  never  has  been  for  any  purpofe  but  to  make 
himfelf  underftood  with  regard  to  the  names  of 
the  bodies  of  which  he  had  to  fpeak,  that  the 
chemift  has  followed  the  methodical  diftin6lions 
of  the  naturalifts ;  and  as  long  as  the  fcience  in 
its  infancy  did  not  permit  him  to  form  a  particu- 
lar order,  he^  could  in  fa6l  do  nothing  better  in 
order  to  avoid  fubftituting  fables  or  romances 
inftead  of  fafts  of  which  it  ftill  is  in  want- 
But  hereafter  his  fteps  w^ill  be  lefe  clofely  con- 
nefted  with  thofe  of  the  methods  of  natural 
hiftory.  Having  fucceeded  by  its  late  difco- 
veries  concerning  the  primitive  elements  of  bo- 
dies,-—on  the  eve  of  being  able  to  clafs  bodies 
after  their  intimate  nature  from  the  number  and 
proportion  of  their  conftituent  principles,  che- 
miftry  has  opened  a  new  and  peculiar  courfe ; 
and  its  method,  at  length  independent,  muft 
fooner  or  later  become  the  leading  fcience  of 
many  branches  of  natural  hiftory,  inftead  of 
continuing  to  be  its  fimple  accelTary,  as  it  ap- 
pears  fo  long  to  have  done. 

By  comparing,  under  this  new  relation  of 
intimate  compofition,  all  the  bodies  in  naturt^ 
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with  eacli  other,  for  the  purpofe  of  forming  a 
chemical  claflification,  I  have  found  that  they 
may  be  divided  into  eight  general  claffes,  with 
regard  to  the  difference  even  of  their  confti- 
tiicnt  principles. 

In  the  firft  clafs,  I  have  placed  the  fimple  bo- 
dies,  or  at  leaft  fuch  as  have  not  yet  been  de- 
compofed;^ — ^wliich  appear  in  our  experiments 
as  fimple  bodies.     Thefe  are,   in  a  great  mea- 
fure,  the  conftituent  elements  of  all  other  bodies.  ' 
By  confidering  the  fubftances  which  belong  to  - 
this  clafs,  it  is  evident  that  they  all  bear  rela- 
tion to  combuftion,   fome  as  produfts,  others  as  - 
conditions  and  moft  of  them  as  fubjefts  to  that 
great  phenomenon. 

The  order  which  I  have  adopted  thus  con- 
dufts  us  very  naturally  and  very  methodically 
from  one  clafs  to  another,  becaufe  the  fecond 
clafs  comprehends  burned  bodies  or  thofe  of  the 
firft  clafs,  united  by  combuftion  to  one  of  the 
fubftances  alfo  placed  in  the  fame  clafs,  Thefe 
burned  bodies  or  fpecies  of  binary  compouuds  ' 
which  form  tlie  fecond  clafs,  and  which  all  re-- 
femble  each  other  by  their  nature,  as  combuftir; 
hies  more  or  lefs  faturated  with  a  fimilar  prin- 
ciple, are  the  oxides  and  the  acids  with  fimple 
^r  undecompofed  radicals,  which  were  formerly 
Ijamed  mineral  acids :  they  exift  in  nature  as 
^ell  as  in  art. 

In  the  third  clafs  of  chemical  bodies,  aad 
next  after  the  acids, .  I  place  as  matters  emi- 
nently capable  of  combining  M^ith  thefe  laft^\ 
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ind  which  by  indifpenfable  confequence  ap- 
proximate to  them,  the  eartliy  and  alkaline 
fubftances,  which  I  name  with  Lavoifier  falifia- 
ble  bafes,  on  account  of  the  property  which 
they  have  of  forming  f{ilts  with  the  acids.  Bo-« 
dies  almoft  every  one  of  which  being'hitherto 
undecompofed,  and  appearing  in  chemical  ope- 
rations as  fimple  fubftances,  though  many  ap- 
pearances announce  that  they  are  .not  fuch  ;— 
their  place  according  to  my  method  is  necef-* 
farily  determiaed  between  the  acids  and  the 
falts. 

The  fourth  clafs  includes  the  falts  or  che-* 
mical  compounds  of  acids  and  of  the  falifiable 
bafes.  It  is  extremely  enriched  by  the  nume- 
rous difcoveries  made  during  the  laft  twenty- 
five  years.  Saline  bodies  form  at  prefent  one 
of  the  orders  moft  important,  the  moft  croAvded 
with  fpecies,  the  beft  known,  and  which  is  the 
moft  ufeful  to  be  well  ftudied,  as  will  quickly 
be  feen. 

To  the  fifth  clafs  belong,  according  to  my 
method,  the  twenty-one  metallic  fubftances  at 
prefent  known,  which,  though  indicated  and 
holding  lieceflarily  a  place  in  the  fir  ft  clafs, 
as  fimple  or  undecompofed  bodies,  have,  never- 
thelefs,  fo  great  an  importance  from  their  ex- 
cellent qualities,  from  the  numerous  produfts 
which  they  furnifh  to  the  arts,  from  their  great 
life  in  fociety,  and,  in  Ihort,  from  the  immcnfe 
influence  which  their  chemical  examination  has 
had  on  the  progrefs-  and  laft  revolution  of  the 
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fcience,  that  it  is  impoflible  to  refiife  to  them  a 
feparate  and  diftingniflied  rank  in  the  ftudy  of 
the  prodii6lions  of  nature.  -^ 

I  compofe  my  fixth  clafs  of  bodies,  difpofed 
after  their  chemical  pi^operties  or  their  order  of 
xom^^ofition^  of  all  thofe  Avhich  are  named  foffils 
or  minerals.  In  order  to  underftand  properly 
my  manner  of  procfteding  with  regard  to  the 
iixth  clafs,  I  mnft  obferve  that  the  greater  part 
of  the  fubflances  ranked  in  the  five  preceding 
clafTes  are  ufually  regarded  as  minerals,  and 
pUced  as  fuch  in  mineralogical  divifions.     But^ 

.  befides  that  many  of  them  exift  in  the  atmo- 
fphere  or  in  waters,  which  conftitute  by  their  mafr 
a  fourth  kingdom  truly  diftinft  from  that  which 
is  named  the  mineral  kingdom;  it  is  certain  that 
moft  of  them  forming  in  effeft  a  portion  of  the 
iirata  of  the  globe,  are  frequently  impure,  andfo 
mi^ed  or  complicated,  that  chejriifts  cannot  treat- 
them  in  their  natural  ftate ;  and,  in  order  to  de- 
termine their  charaderiilic  properties,  it  is  ne- 
ceffary  to  purify  them,  which  they  effect  in  fuch 
a  manner  as  to  give  them  a  form  and  ftate  truly 
different  from  thofe  which  they  have  in  nature, 

'  On  the  other  hand,  foflils  or  minerals  which 
more  efpecially  comprehend  the  ftones  and  the 
ores,  and  which  are  wTOught  hi  an  hundred  dif- 
ferent ways  for  the  arts,  without  being  mpft 
frequently,  either  the  one  or  the  other,  cora- 
prifed  in  the  five  preceding  clalTes,  at  leafl  in 
their  ftate  of  purity,  require  neverthelefoto.be 
iconfidered  as  compounds  or  as  mixtures  of  thefc 
*      '   "  '  matters^ 
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matters,  and  deferve  to  be  ftudied  apart  as  ufe- 
ful  produ6iions.  For  this  rcafon,  I  have  placed 
them  in  a  feparate  clali.  Befides  wliich  the 
complete  ftudy  and  detailed  hiftory  of  thefe 
bodies  conftitute  one  of  the  fpecial  applications 
of  chemiftry,  which  is  named  mineralojjy ;  and, 
under  this  point  of  view,  they  appertain  to  che- 
mical theory  in  a  general  way  only. 

The  feventh  clafs  of  bodies,  confidercd  with 
regard  to  their  intimate  nature,  contains  the 
vegetable  organic  compounds,  of  a  more  ad- 
vanced order  of  compofition  than  the  foflils. 
Tlie  materials  of  plants  require  to  be  treated  in 
chemiftry  under  the  title  of  Aegetable  com- 
pounds, much  rather  than  under  that  of  the 
vegetable  kingdom  ;  a  denomination  by  which 
the  ftudy  or  the  defcription  of,  plants,  obferved 
with  all  their  organs  and  all  their  apparatus  of 
firu6i;ure,  without  deftroying  their  texture  and 
without  altering' their  compofition,  is  ufually 
defignated. 

Laftly,  the  eighth  clafs  is  appropriated  to  or- 
ganic animal  compounds  :  thefe  in  the  order  of 
chemical  confideration,  are  the  beings  moil 
complicated  in  their  compofition — thofe  Mdiich 
ffiuft  be  -the  mofl;  difficult  to  underftand  as  to 
the  number  and  proportion  of  their  conllitucnt 
principles,  thofe  confequently  which  it  is  proper 
to  ftudy  laft,  and  for  the  examination  of  which 
a  knowledge  of  all  tlie  others  is  neceffary. 

Thus  we  behold  all  the  produds  of  nature 
divided  into  eight  great  chemical  families,  dif- 

pofed 
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'  pofed  in  the  order  of  their  compoiition  or  of 
their  intimate  nature  ;  from  thofe  which  appear 
to  be  formed  by  tlje  aggregation  of  the  infulated 
firft  principles,  becaufe  they  do  not  admit  of  de?» 
compoiition,  unto  thofe  which  contain  the  great- 
eft  number  of  principles  in  their  compoiition. 
They  are  piaced  in  a  feries  which,  by  feparatiiig. 
them  all  methodically,  neverthelefs  conne6ls 
them  with  each  other,  and  gradually  conducts 
the  ftudent  of  their  properties,  from  the  moft 
fimple  and  the  moft  determinate  of  thefe  pro- 

.  dud;ions,  to  thofe  which  are  moft  difficult  to  be 
kno^yn.  This  method  is  neither  faclitious,  nor 
arbitrary  in  its  entire  progrefs ;  it  is  founded 
on  the  general  refults  of  all  the  experiments  of 
chemiftry ;  it  can  never  vary  but  with  regar4 
to  fome  particular  bodies,  in  the  cafe  where  dif» 
coveries  fhall  exhibit  compound  matters  among 
fubftances  reputed  to  be  fimple,  or  among  the 
compounds,  other  bodies  more  complicated  iij 
their  compofition  than  have  formerly  been  be-^ 
lieved  to  exift  there.  It  is,  in  fliort,  a  method 
which,  being  deduced  from  the  whole  mafs  of 
chemical  fads,  and  deftined  to  unite  the  fyftem 
into  one  aggregate,  leaves  exact  and  pofitive 
ideas  in  the  mind  refpeding  the  nature  of  all 
bodies. 

This  methodical  and  regular  divifion  of  na- 
tural produ6lions  conftitutes  the  firft  founda- 
tion  of   my  aftual  fyftem  and   of  the  wotIc 

*  which  prefents  the  whole.  But  «s  the  exami- 
nation  of  minerals  or  foflils  ought  not;  to  be  here 

treated 
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treated  with  the  detail  which  a  work  of  appli« 
cation  would  demand,  I  have  neither  confidercd 
thefe  bodies  particularly,  nor  permitted  their 
clafs  in  a  certain  manner  to  fubfift.  I  have 
diipofed  thofe  portions  which  belong  to  the 
theory  of  the  fcience  in  the  different  fe6iions 
of  this  work,  without  giving  them  the  extent 
which  would  be  required  to  conftitute  a  mine- 
ralogy, properly  fo  called. 

Tlie  whole  fyftem  of  chemical  fa6ls  included 
in  this  treatife  is  divided  into  eight  fe6tions : 
the  following  is  an  enumeration  of  their  titles. 

FIRST    SECTION  : 

Bafes  of  chemical  fcience;  Generalities; 
Introdu6iion. 

SECOND    SECTION  I 

Of  (imple  or  undecompofed  bodies. 

THIRD    SECTION  : 

Of  burned  bodies,  oxides,  or  acids. 

FOURTH    section; 

Of  earthy  or  alkaline  falifiable  bafes. 

FIFTH    section: 

Of  acids  united  with  falifiable  bafes,  or  of 
earthy  and  alkaline  falta, 

sixth  section  : 
Of  metals  in  particular. 

seventh   section: 
Of  organic  vegetabje  compounds. 

eighth  section: 
Of  organic  animal  compound^. 
It  is  evident  that  feven  of  the  claffes  of  na^^ 
tural   beings,  confidered  chemically,   foiin  fo 

xnany 
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many  fe6lions  of  the  fyftem ;  that  the  eighth 
clafs,  or  the  fixth  in  the  order  of  claflification 
which  I  have  explained,  is  replaced  by  the 
iirft  fe6lion,  confecrated  to  the  generalities  of 
the  fcience,  becaufe  the  foflils  or  minerals  which 
compofe  that  fixth  clafs  are  diftributed  into  the 
fecond,  third,  fourth,  fifth  and  fixth  feftions,  . 
appropriated  to  explain  fubftances,  which  for 
the  mofi:  part  are  inclofed  in  the  globe  of  th^ 
earth  or  form  part  of  its  ft  rata. 


NOTICE  OF  THE  FIRST  SECTION, 

Concerning   the  Generalities  of  the  Science. 

THE  firft  feftion^  as  an  introdu6lion  to  the 
feven  following,  prefents  the  preliminary  no-» 
tions  of  chemiftry,  or  the  firft  principles  of  its 
ftudy. 

It  is  divided  into  twelve  articles : 
The  firft  exhibits  the  definition  of  chemiftry, 
its  diff^erent  names,  its  relations  to  and  diffe- 
rences from  the  other  fciences ;  its  various  de- 
finitions and  denominations  are  difcuffed ;  its 
place  in  the  philgfophicaLorder  of  human  knowr- 
ledge  is  affigned ;  an  explanation  is  given  to 
fiiew  how  it  conftitutes  a  fcience  diftin6l  frqm 
phyfics,  from  natural  hiftory,  from  medicine, 
from  pharmacy,  ,and  even  from  the  moft  im- 
portant and  moft.  extenfive  of  the  chemical 
arts. 

The 
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The  fecond  article  under  the  title  of  the  di-* 
vifions  and  branches  of  chemiftry,  explains  in 
feme  degree  the  fpecies  which  this  kind  of 
fcience  includes,  general  or  philofophicaj  che- 
miftry, meteorologic  chemiftry,  mineral  che- 
miftry, vegetable  chemiftry,  animal  chemiftry, 
medical  chemiftry,  .economical  or  manufac- 
turing and  domeftic  chemiftry,  Each.pf  thefq 
branches  may  be  regarded  as  one  of  its  appli- 
cations in  the  general  order  in  which  I  have  be- 
fore confidered  it.         . 

The  third  article  prefents  a  rapid  hiftorical 
Iketch  of  chemiftry ;  under  fix  epochas  are  ex- 
hibited the  great  revolutions  which  it  has  ex- 
perienced ;  the  names  and  principal  difcoveries 
of  men  who  have  founded  or  enriched  it  are 
given ;  and  the  origin  and  confolidation  of  the 
pneumatic  doftrine  of  the  French  chemifts, 
which  appears  to  have  fixed  the  fate  of  che- 
miftry for  fome  ages,  is  more  particularly 
ftated.   ,  / 

The  fourth  article  treats  of  the  chemical  na- 
ture of  bodies;  the  principles  which  chemifts 
have  admitted  at  different  times  in  their  com- 
pofition;  the  opinions  of  the  ancient  philofo-' 
phers  in  this  refpe6l;  the  ideas  of  Paracelfus, 
of  Becher,  of  StaW,  the  more  accurate  difco- 
veries of  modern  times,  the  different  fpecies  of 
compounds,  and  the  order  to  be  eftablifhed  in 
this  refpe6l.  It  is  there  proved  that  the  four 
elements  of  Ariftotle  can  no  longer  be  admitted ; 
fhajt  the  primitive  elements  of  bodies  are  to- 
tally 
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tally  different  from  \(^hat  they  have  been  hither^* 
to  thought,  and  that  they  now  begin  to  be  ex- 
plained, after  the  long  and  antiquated  hypothe- 
fis  which  have  alone  prevailed  in  the  learned 
world, 

Tlie  fifth  article  confiders  the  analyfis  or  fe- 
paration  of  the  principles  of  bodies  by  thepro- 
ceffes  of  chemiftryi  as  one  of  the  me^,ns  by 
which  that  fcience  anives  at  its  objeft.  In 
this  place  I  diftinguifh  a  more  confiderable 
number  of  fpecies  of  analyfis  than  any  one  has 
formerly  dorie;  I  prov6  that  the  accurate  and 
extenfivfe  ideas  which  may  be  acquired  in  the 
fcience  of  chemiftry,  depend  much  on  the  clear- 
nefs  of  thofe  notions  which- are  acquired  at  the 
commencement  of  the  ftudy,  and  that  it  is  very 
important  to  comprehehd.  all  the  refources,  all 
the  difficulties,  all  the  differences  which  exifl 
in  each  kind  of  analyfis. 

The  fixth  article  prefents  fimilar  confidera- 
rations  refpecling  fynthefis  or  combination,  the 
fecond  operative  means  of  chemiflry ;  it  may 
alfo  occi^r  more  frequently  than  the  former, 
which  has  long  been  confounded  with  it,  be- 
caufe  it  takes  place  at  the  fame  time,  and  be^ 
caufe  it  alfo  produces  phenomena  the  mofl  com- 
plicated and  the  moft  difficult  to  be  well  under- 
ftood,  of  any  which  the  operations  and  the 
experiments  of  chemiftry  afford. 

In  the  feventh  article,  wherein  the  fubjeft 
begins  to  be  more  complicated  than  in  the  fix 
former,  which  contain  only  a  few  explanations, 

fimple 
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fmiple  and  eafy  in  their  obje6l:,  refpeding  the 
natui:e  and  purpofe  of  the  fcience,  I  enter 
more  deeply  into  the  fubjeft  by  treating  of 
the  attraction  of  aggregation.  This  power, 
eftabliflied  by  nature  between  the  integrant  and 
homogeneous  particles  of  bodies,  caufes  them 
to  adhere  to  each  other  in  fuch  a  manner  as  to 
give  them  a  confiftence  varied  according  to  its 
energy,  ought  to  be  well  known  to  the  chemift, 
becaufe  he  muft  perpetually  combat  and  deftroy 
it  in  order  to  caufe  natural  bodies  to  undergo 
thofe  changes  and  modifications  which  are  nc- 
fieffary  to  the  refults  he  wiilies  to  obtain. 

In  the  eighth  article,  I  trace  the  moft  gene* 
xal  and  moft  remarkable  truths  concerning  the 
attraction  of  compofition,  which  chemifts  for- 
merly named  affinity.  To  render  them  more 
ftriking  and  methodical,  I  have  arranged  thefe 
truths  as  conftant  and  invariable  phenomena — as 
the  laws  which  nature  has  impofed  in  the.  union 
and  the  feparation  of  the  conftituent  particles 
of  compounds.  Habituated  during  fifteen  years 
to  demonftrate  the  exiftence  of  eight  of  thefe 
laws  in  my  leftures  and  in  my  elements,  I  have 
thought  it  neceffary  in  order  to  give  more  deve- 
lopment and  extent  to  thefe  proofs,  that  I  Ihould 
add  two  new  laws  as  general  and  as  important  as 
the  eight  former.  Long  experience  has  fhewn 
me  that  this  manner  of  ftudying  that  natural 
power  which  efteCls  all  the  chemical  actions  of 
analyiis  and  fynthefis,  is  much  preferable,  in 
|he  fimple  enunciation  of   the    general  fafts 

'  which 
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which  charafteriae  it,  to  thofe  long  differtations 
con^cerning  the  caufe  and  the  differences  of  that 
force,  which  only  fliow  the  imperfe6lion  of  our 
knowledge,  or  tend  to  miflead  the  ftudent  in  a 
labyrinth  of  faQ;s  without  order  and  without 
connexion. 

Since  the  impreffion  of  this  work,  Citizen 
Berthollet  has  communicated  to  the  Inftitute  a 
long  memoir  concerning  the  chemical  affinities. 
He  there  confiders  the  variations  to  which  they 
are  fubjed  by  changes  of  the  mafs  or  the  diffe- 
I'ent  or  proportional  quantities  of  the  bodies 
which  he  caufes  to  a<Sl  on  each  other.  H^  fliews 
that  a  fubftance  mixed  with  a  compound  has 
a  different  a6tion  on  it,  according  to  the  quan- 
tity in  which  it  is  employed ;  that  when  this  i3 
augmented,  it  tends  to  effedl  a  decompofitioa 
which  it  could  not  have  produced,  if  itj  had 
been  in  fmaller  quantity ;  and  that  the  limits 
iixed  for  the  effects  which  take  place  among 
bodies  ought  accordingly  to  be  defcribed  or 
indicated  only  from  the  determinate  propor- 
tions between  the  bodies  themfelves.  Thefe 
refearches,  though  veiy  ufeful  in  applications 
of  the  fcience  to  the  arts  in  which  it  tends  to  prOf 
duce  conftant  effeds,  cannot  change  the  prin- 
ciples of  that  fcience  refpeding  the  chemical 
attraftions,  becaufe  the  laws  of  thefe  are  ex-* 
plained  upon  the  fuppofition  of  exa<5l,  conftant 
and  well  determined  quantities  as  well  as 
temperatures  and  in  circumftaticcs  generally  de- 
termined. 

The 
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The  ninth  article  is  deftined  to  (how  the  ex* 
iftence  of  the  chemical  phenomena  in  nature 
and  in  art.  As'  the  only  aim  of  chemiftry,  in 
its  ftudy  and  its  cultivation,  is  to  be  of  ufe  to 
men,  in  explaining  "the  fecrets  of  natural  phi- 
lofophy,  and  teaching  how  to  modify  the  pro- 
perties of  bodies  and  render  them  immediately 
ufeful  to  our  wants,  it  was  neceffary  to  explain 
that  the  whole  of  this  fcience  is  eftabliflied  on 
the  profound  knowledge  of  a  force  which  agi- 
tates the  particles  of  bodies,  by  which  nature 
produces  great  part  of  her  phenomena,  and 
which^art,  by  imitating  nature,  knows  how  to 
put  into  aftion  to  appropriate  her  produ6bions  to 
our  ufes.  It  was  neceflary  to  place  chemiftry 
in  the  rank  which  it  ought  to  occupy  auxong 
the  phyfical  fcieiices,  and  to  affign  its  true  de- 
partment in  human  knowledge. 

The  tenth  article  contains  a  cone ife  defini- 
tion of  the  principal  operations  of  chemiftry. 
Though  this  work  does  not  embrace  the  practice 
or  manipulations  of  the  fcience,  becaufe  it  is 
folely  confecrated  to  tlie  explanation  of  the  in- 
tire  theory,  it  would  have  been  impoflible  for 
me  to  make  myfelf  underftood  in  the  defcrip- 
tions  of  certain  experiments  which  I  have  here 
inferted  in  many  articles,  without  this  prelimi- 
nary definition.  But  it  is  in  faft  only  a  kind 
of  nomenclature  intended  to  explain  the  deno- 
minations which  it  is  perpetually  neceflary  to 
ufe  in  the  enunciation  of  chemical  properties. 
For  this   reafon  it  is  that  I  havt5  comprifed 

thirty- 
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thirty-eight  different  operations,  though  it  lis^ 
poffible  to  diminifh  this  number  very  much  by 
limpHfying  and  generalizing  out  ideas:  how- 
ever this  was  not  my  object.  *" 

In  the  eleventh  article,  I  give  the  chemical 
claflification  of  bodies,  which  1  have  adopted, 
becaufe,  though  already  enunciated  in  this  dif- 
courfe,  it  ought  neverthelefs  to  form  a  part  of 
the  generalities  of  chemiftry,  and  becaufe  it 
forms  the  key  to  the  whole  connefted  fyftem 
explained  in  the  work  itfelf.  This  divifion  or 
claflification  of  bodies  is  treated  in  the  eleventh 
article  of  the  firft  feclion,  rather  in  a  different 
^yay,  in  a  more  dida6lic  manner,  with  more 
precifion  and  clofenefs  than  I  purpofe  to  ufe  in 
this  place :  it  is  there  conne6led  more  inti- 
mately with  the  whole  of  the  work  ;  but  in  this 
article  it  fornis  an  immediate  portion  of  it; 
being  a  neceflary  fequel  and  an  indifpenfable 
portion  of  it. 

Laftly,  the  t^relfth  and  laft  article  tenninates 
the  firlt  fe6lion  with  an  account  of  the  princi- 
pal bafes  of  the  new  nomenclature  adopted 
fmce  1787,'  as  well  as  the  new  figns  or  charac?- 
ters  fubftituted  inftead  of  the  ancient  hierogly- 
phics. I  have  there  explained  how  the  pre- 
fent  names  agree  with  the  facls,  how  they  fa- 
vour and  Amplify  the  ftudy  of  the  fcience  by 
their  clearnefs,  precifion,  and  agreement  with 
the  things  they  are  defigned  to  exprefs  ;  I  have 
there  defcribed  the  courfe  which  has  been  fol- 
lowed for  the  eftabliflimcnt  and  formation  of 

that 


>REL1MINARY    f)ISCOURSe.  6$ 

that  nomenclature,  its  fpirit  and  its  principles, 
without  its  details  or  particular  terms.  I  infift 
on  the  merit  of  the  language  to  which  it  has 
given  birth,  and  on  its  importance  to  the  ul- 
timate progrefs  of  chemiftry. 


NOTICE  OF  THE  SECOND  SECTION. 

Concerning  Jimple  or  undecompofed  Bodies. 

THE  fecond  feftion  regards  the  nature  and 
chemical  properties  of  fimple  bodies.  It  in- 
cludes, as  may  be^  feen,  the  fiiil  clafs  of  bodies 
divided  chemically.  It  anfwers  in  fome  mea- 
fure  to  what  the  ancients  named  principles  or 
elements,  becaufe  the  fubftances  which  are  there 
examined  are  not  decompofable,  and  becaufe 
they  truly  form  the  conftituent  principles  of  all 
the  compounds. 

Thefe  bodies  are  at  the  fame  time  the  firfl, 
the  moft  general  productions  of  nature,  and  the 
laft  produfts  or  extreme  terms  of  the  decompo- 
fitions  effefted  by  art.  As  natural  produftions, 
they  are  for  the  moft  part  difperfed  over  the 
globe,  and  each  of  them  offer  a  fort  of  vaft  re- 
fervoir  in  which  the  primitive  materials  of  all 
compounds  are  to  be  found.  As  the  ultimate 
produfts  of  decompofition,  they  are  the  fub- 
jefts  which  the  chemift  meets  at  every  ftep 
which  he  makes  in  his  courfe  of  analyfis.  In 
every  refpedl^  they  require  to  be  placed  and  ex- 

^'^^  amined 
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amined  in  the  firft  rank  of  the  methodical  le- 
ries  of  bodies. 

This  fecond  fe6lion  of  the  chemical  fyflero, 
which  includes  the  hiftory  of  fimple  bodies,  *i* 
divided  into  twelve  articles.  The  firft  contains 
general  confiderations  refpefiting  thofe  bodies, 
their  enumeration  and  their  claffification.  I 
there  remark  principally  that  all  fimple  or  un-' 
decompofed  bodies  (for  the  y^foxdijimple  is  taken 
here  only  in  a  relative  manner  and  has  in  it  no- 
thing abfolute,)  have  immediate  relations  to 
combufl:ion ;  that  they  belong  to  the  hiftory  of 
that  grand  phenomenon,  as  well  becaufe  they 
are  its  produ6ls,  as  becaufe  they  furnifh  its  gene- 
ral fupply,  and  reprefent  its  fubjefts.  Tn  fa6t,  the 
greater  part  of  thefe  bodies  have  the  combuf- 
tiblc  property  ;  one  of  them  is  conftantly  fixed 
and  precipitated  on  the  others,  whilft  they  bum ; 
another  is  feparated  under  a  double  form  during 
that  combuftion,  and  produces  what  is  univer- 
fally  called  fire.  Thus  then  the  whole  fecond 
fe6lion  of  my  fyftem  of  chennftry  is  employed 
on  the  phenomenon  of  combuftion ;  fo  that  if 
its  title,  as  well  as  that  of  all  the  following  fee* 
tions,  had  not  necelTarily  been  required  in  my 
method  to  exprefs  the  nature  of  the  bodies 
which  are  there  treated,  it  riiight  be  accurately 
termed  The  ITiftory  of  Combujiion. 

After  thefe  generalities  of  the  firft  article,  the 
eleven  following  articles  contain  fucceffively 
the  chemical  examination  of  the  eleven  genera 
of  fimple  bodies ;  namely,  light,  caloric,  oxi- 
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gfen  and  air,  azote,  hidrogen,  carbon,  phofphd- 
nis,  fulphur,  diamond  and  metals.  Thefe  bo- 
dies are  difpofed,  the  three  firft  on  account  of 
their  great  mafs  in  nature,  the  manner  in  which 
they  ftrike  our  organs,  the  ftrong  and  continual 
a6lion  which  they  exercife ;  in  a  word,  of  the 
generality  of  their  exiftence  and  of  their  ex- 
tenfive  agency  in  the  economy  of  nature ;  thefe 
aj-e  light,  caloric,  oxigen :  the  two  following, 
air  and  azote,  after  their  analogy  and  inde- 
pendence of  the  three  preceding ;  an4^  the  lix 
laft,  according  to  the  order  of  attraction  which 
they  have  for  oxigen,  or  the  energy  of  their 
combuftibility  All  are  then  refpectively  ar- 
ianged  in  a  feries  approaching  as  mucli  as 
was  poflible  to  their  natural  order,  and,  at  the 
fame  time,  to  their  chemical  properties. 

The  hiftory  of  each  of  thefe  bodies  is  treated 
with  all  the  extent  and  detail  which  their  im- 
portance demands.  Their  phyfical  properties, 
the  different  dates  in  which  nature  prefents 
them,  the  combinations  they  form  among 
themfelves,  their  ufes,  the  influence  alfo  which 
the  difcoveries  that  relate  to  them  have  had 
on  the  reafon  and  profperity  of  man: — ►thefe 
Conftitute  the  particular  hiftory  of  fimple 
bodies.  The  peculiar  manner  in  which  each 
of  them  is  capable  of  burning,  the  different 
degrees  of  their  combuftion,  of  their  oxida- 
tion or  of  their  acidification,  the  various 
phenomena  of  flame,  of  colour,  and  of  move- 
ment which  accompanies  their  combuftion ;  the 

Vol,  L  f  feveral 
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feveral  degrees  of  temperature  which  take 
place,  the  various  refults  which  it  affords,  are 
principally  what  have  demanded  the  moft  care 
among  the  properties  of  thefe  hodies,  becaufe 
they  are  of  the  utmoft  intereft  in  the  prefent 
ftate  of  chemilhy* 

Though  I  have  not  pointed  out  all  the  fa(6ls 
which  the  fcience  polTefles  concerning  the  pri- 
mary beings  not  fufceptible  of  decompofition, 
I  muft  obferve  that  the  expofition  of  their  pro- 
perties comprehends  many  more  details,  and 
fa6ts  more  precife  than  any  work  of  chemif- 
try  has  yet  prefented.  This  affertion  being 
likewife  applicable  to  the  chemical  hiftory  of 
all  other  bodies,  and  confequently  to  all  the 
articles  of  this  work,  I  have  made  it  in  this  place 
when  I  fpeak  of  the  fe6tion,  where,  for  the  firft 
time,  certain  natural  bodies  are  particularly  ex- 
amined. This  obfervation  may  more  parti- 
cularly be  applied  with  regard  to  oxigen  and 
oxigen  gas,  the  air,  azote,  azotic  gas,  and 
phofphorus. 

1  he  hiftory  of  carbon  and  of  the  diamond 
has  been  enriched  by  certain  fads  fmce  the  im- 
prelVion  of  the  firft  volume  of  my  work.  The 
beautiful  experiments  of  Citizens  Guyton  and 
Clouet  have  proved  the  identity  of  the  bafe.  of 
thefe  two  bodies,  not  only  by  the  carbonic 
acid,  the  undoubted  product  of  the  combuftion 
of  the  diamond  as  well  as  of  carbon,  but  even 
by  ftcel  Vv'hich  is  fonned  by  the  firft  of  thefe 
bodies  as-eafily  and  perhaps  more  fo  than  by  the 

fecond^ 
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fecond,  by  heating  it  with  pure  iron.     The  pro- 
portion of  oxigen  which  the  diamond  requires 
to  bum  it,  and  which  amounts  to  foui*  times  its 
weight,  whilft  that  which  is  neceflary  for  char- 
coal is  only  2,527  for  one  part,  and  the  quan- 
tity of  carbonic  acid  which  it  affords,  have 
confirmed  the  fuppofition  which  fome  chemifts 
had  already  formed,  that  charcoal  is  a  true  oxide 
of  carbon,  on  account  of  the  proportion  of  ox- 
igen which  it  contains ;  whilft  the  matter  of  the 
-  diamond  is  pure  carbon,  polTefling  merely  a  de- 
gree of  condenfafeion  and  aggregation  fuperior 
to  that  of  all  other  known  bodies.     This  fa6tj 
which  was  only  announced  in   the  articles  of 
thefe  two  bodies,  and  which  appears  to  require 
that  thefe  fubftances,  the  diamond  and  carbon, 
fliould  hereafter  be  ranged  in  the  fame  article 
as  one  and  the  fame  fubftance,  proves  alfo  that 
the  black  colour,  the  perfeft  opacity,    and  all 
the  degrees  of  phyfical  properties  which  depend 
on  it,  are  not  the  charafters  of  carbon,  but  of 
its  oxide.     This  accounts  for  the  white  colour 
of  vegetable  matters  the  moft  replete  with  car- 
bon; the  black  which  they  affume  by  oxidation 
and  disrhidrogenation ;  the  perfect  tranfparence 
of  the  diamond;    the  fpecies    of  foot  which 
Lavoifier  has  firft  defcribed,  and  which  I  ob- 
ferved  long   ago  on  the  furface   of  diamonds 
partly  burned,  and  interrupted  in  their  combuf- 
tion.     It   will  be  feen,  in  the    hiftory  of  the 
metals,   that  there  are  ftates  of  carbon  inter-* 
mediate  between   that   of   the    diamond    and 
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charcoal,  ^Hiere  it  contains  lefs  oxigen  tHatI 
this  laft,  0,03  or  0,04,  and  which  are  fpecies 
of  oxidules.  Their  characters  are  to  burn  very 
difficultly,  only  at  a  high  temperature,  to  be 
extinguifhed  when  this  temperature  is  abated, 
and,  to  produce  \^'^ith  zint  and  filver  the  gal- 
vanic irritation,  which  neither  the  diamond  nor 
C^harcoal  produce.  Such  are  plumbago  or  car- 
buret of  iron,  the  anthracite  or  carburet  of 
alumine,  certain  animal  charcoals,  and  charcoal 
itfelf  ftrongly  heated. 

As  to  thd  article  of  the  metals,  it  is  neceflary 
to  bear  in  miiid  that  they  are  placed  in  the 
fecond  feclioh  only  in  order  to  refer  them  to 
the  firft  clafs  of  fimple  bodies  or  combuftibles^ 
to  exhibit  them  ai?  belonging  to  that  feries  of 
bodies;  to  prove,  by  the  expofition  of  their 
combuftibility^  that  they  could  not  be  place4 
in  any  Other  clals  of  bodies.  Their  import- 
ance, their  great  ufes,  their  number  of  twenty- 
one  fpecies,  and  the  confiderable  quantity  of 
combinations  which  they  are  capable  of  form- 
ing, require  alfo  that  their  hiftory  Ihould  form 
a  feparate  divifion ;  it  is  treated,  with  the  great 
development  it  requires,  in  the  fixth  feftion  of 
this  work. 
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NOTICE  OF  THE  THIRD  SECTION. 


Concerning  burned  Bodies,  Oxides  or  Acids. 

IT  was  natural  to  treat  of  burned  bodies,  af- 
ter having  examined  combtiftible  fubftances; 
and  as  in  the  order  or  chemical  clai!ification  of 
the  produftions  of  nature,  thefe  bodies  form 
the  fecond  clafs,  tlieir  hiftory  ought  to  fonn 
the  third  feftion  of  my  work.  Accordingly  its 
title  is ;  Concerning  burned  bodies,  oxides  or 
acids. 

It  is  divided  into  fixteen  articles. 

TTk  firft  has  for  its  objefi  an  examination  of 
combuftion  or  of  that  phenomenon  to  which 
this  genus  of  produfts  owe  their  origin  in  na- 
ture as  well  as  in  art ;  it  retraces  in  a  rapid 
fummary  all  the  data  already  e!i;plained  in  the 
preceding  fe6tion;  it  generalizes  their  refults 
with  relation  to  the  nature  of  burned  bodies, 
which  are  divided  into  oxides  and  acids ;  it 
gives  the  definition  of  thefe  two  kinds  of  pro- 
dufts  :  the  fonner  are  divided  into  permanent 
oxides,  definitive  or  conftantly  remaining  the 
fame,  and  tninfitory  oxides,  intennediate  be- 
tween the  ftate  of  oxides  and  that  of  acids.  I 
there  have  lliewn  that  the  oxides  of  the  firft 
genus  may  poffefs  different  degfees  of  oxidation, 
that 
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that  thofe,  of  the  fame  combiiftible  bodies,  vary 
among  themfelves  in  the  proportion  of  oxigen 
they  contain.  I  muft  here  remark,  that  in  or* 
der  to  diftinguifli  thefe  different  oxides  from 
each  other,  chemifts  may  ufefully  adopt  the. 
denomination  of  oxidules^  propofed,  as  iimilar 
to  that  of  acidules,  by  Citizen  Haiiy,  and  by 
which  he  rcprefents  the  nature  of  metals  in  the 
moft  nightly  burned  ftate. 

The  fecond  article  is  appropriated  to  the.che-^ 
mical  examination  of  water  or  the  oxide  of 
hidrogen,  one  of  the  moft  permanent  in  the 
firft  genus  of  thefe  bodies.  I  confider  it  in  its 
different  natural  ftates,  in  its  principal  phyfir 
cal  properties,  its  weight,  its  limpidity,  its 
level,  its  cryftallization,  its  charafters  when 
congealed,  its  fufibility,  its  vaporization,  its 
vapor  formed,  condenfed,  &c,  I  then  combine 
it  with  light,  caloric,  and,  on  that  occafion,  I 
examine  its  fufion,  its  ebullition,  itsMilafation, 
its  gafeity ;  phenomena  concerning  which  I  have 
given  notions  which  I  think  more  clear  though 
much  more  precife  than  what  has  hitherto  been 
written  on  that  fubjeft.  Next  come  the  com- 
binations of  water  with  oxigen,  air,  gafeous  hi- 
drogen, its  aftion  on  carbon,  phofphorus,  ful- 
phur,  the  carbonated,  phofphorated,  fulphurated 
hidrogtn  gafes,  heated  or  cold,  on  the  metals;, 
and  confequently  the  hiftory  of  its  decompofi- 
tion.  Hence  it  may  be  fcen  that  I  follow,  in 
the  expofition  of  the  chemical  combinations  or 
aftions;  the  conftant  order  of  the  bodies  already 

treated 
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treated ;  I  ufe  it  alfo  with  regard  to  all  the 
other  bodies.  I  terminate  this  article  by  an  ex- 
planation of  the  ufes  and  the  effect  of  water  in 
nature,  as  well  as  its  relations  fo  intimate  M'ith 
a  number  of  other  fafts,  and  in  general  with 
the  improvement  of  human  reafon. 

In  the  third  article,  I  fpeak  of  the  different 
fpecies  of  metallic  and  non-metallic  oxides,  all 
fubordinate  to  water  by  the  lefs  permanence  of 
their  combinations,  and  by  the  lefs  degree  of 
attraSion  between  their  radicals  and  oxigen. 
Thefe  compounds  are  placed  here  only  as  it  were 
provifionally,  and  to  afford  an  accurate  ferics 
in  the  knowledge  of  the  ©xides ;  becaufe  their 
detailed  hiftory  belongs  as  well  to  the  fe6tiou 
of  metals,  as  to  that  of  organized  vegetable 
and  animal  compounds.  Thus  I  only  confider 
them  in  a  general  manner,  and  in  order  to  com- 
pare their  .properties  with  tliofe  of  water:  I  in- 
dicate their  different  ftates,  the  changes  which 
they  experience  by  light,  caloric,  hidrogen, 
carbon,  phofphorus,  fulphur,  the  metals  and 
water  itfelf.  The  tranfient  oxides  of  carbon, 
of  azote,  of  phofphorus,  of  fulphur,  and  the 
complicated  oxides,  or  fuch  as  have  binary  ra- 
dicals, of  hidrogen  and  of  carbon,  are  afterwards 
indicated,  and  I  make  a  general  divifion  of  all 
thefe  bodies  jnto  four  genera,  in  order  to  throw 
light  on  moft  of  the  fucceeding  articles. 

The  fourth  article  has  for  its  objed  the  ge- 
neral ,claffification  of  the  acids,  -end  prefents 
views  and  refults  concerning  acidification  which 

form 
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fonn  at  prefent  one  of  the  moft  important  bafe9 
of  the  theory  of  cKemiftry,  though  almoft  entir^tr 
Jy  negle6led,  or  omitted  in  the  greater  part 
of  modern  works.  The  definition  of  thefe  bow 
dies,  their  acidity  arifing  from  oxigen,  the  par-i 
ticular  diftin6tion  of  thpfe  which  have  the  fimi 
pie  combuftibles  treated  of  in  the  preceding 
feftion  for  their  radicals ;  their  ftate  of  acidity 
frequently  of  two  kinds,  according  to  the  proT 
portion  of  the  acidifying  principle,  the  rules  of 
jiomenclature  defigned  to  expi-efs  the  nature  and 
the  ftate  of  each ;  the  generic  charaders  of  thefe 
burned  compounds,  taken,  either  from*  thei|» 
phyfical  properties,  or  from  their  mutual  ac-i 
tion  on  all  the  bodies  formerly  examined ;  iji 
fliort,  the  different  methods  of  claffing  them, 
whether  according  to  their  decompofition  and 
non-decompofition  ; — with  regard  to  their  gafe- 
ous,  liquid  or  folid  ftate ;— the  ratio  of  their 
energy  ; — or  laftly,  by  the  different  attra6liohs 
of  their  radicals  for  oxigen ;  which  laft  inode  I 
adopt,  becaufe  it  guides  me  through  the  great- 
eft  number  of  my  fecondary  divifions.  Such 
are  the  materials  of  this  fourth  article  of  gene- 
ralities. 

In  the  fifth,  I  confider  the  carbonic  acid,  placed 
firft  among  the  acids  on  account  of  the  ftrong 
attraftion  of  carbon  for  oxigen :  the  hiftory  of 
its  difcovery,  and  the  different  names  which  it 
has  received  from  its  gafeous,  liquid  and  folid 
ftates  in  nature,  where  it  is  abundantly  diffufed ; 
—the  multiplied  means  of  obtaining  it  artifi- 
cially ; 
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cidiy;— Its  chara&eriftic  properties  under  the 
form  of  gas; — its  combinations  with  all  the 
fimple  bodies  before  examined ; — its  union  with 
water  and  with  certain  other  oxides;  of  the  car- 
bonic acid  when  liquefied  by  its  condenfatiou 
in  water ; — the  natural  and  artificial  acidulated 
waters  ; — laftly,  I  give  an  accoimt  of  the  ufes  of 
this  acid  and  its  numerous  applications,  both 
to  the  philofophy  of  nature,  and  to  focial  prof- 
perity,  of  which  the  difcovery  of  its  properties 
have  been  the  fruitful  fource.  The  general  re- 
fiilt  of  the  details  contained  in  this  article  proves 
that  the  carbonic  acid,  though  one  of  the  laft 
difcovered,  is  nfeverthelefs  one  of  the  beft  known, 
^d  one  of  thofe  which  have  had  the  greateft 
influence  o|i  the  progrefs  and  the  renovation  of 
the  fcience. 

The  fixth  and  feventh  articles  prefent  the 
hiftory  of  the  phofphoric  and  phofphoreous 
acids. '  A  few  years  ago  thefe  two  acids  were 
confounded  with  each  other.  Though  it  was 
eafy  to  difcover,  by  means  of  the  different  pro- 
perties which  chemifts  announced  in  their  com- 
binations, that  difference  which  exifts  between 
them,  no  one  at  that  time  poffeffed  a  precife 
idea  of  the  diftin6lion  which  ought  to  have  been 
eftabliihed  between  the  two  acids.  Hence  the 
inconfiftency  and  the  contradi6lion,  which  for- 
merly reigned  among  its  compounds^  have  en- 
tirely difappeared,  becaufe,  after  the  modern 
experiments,  the  tvo  modifications  of  the  acid 

of 
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of  phofphorous  depending  on  its  different  cona*  . 
bullion,  have  been  well  attended  to. 

The  phofphoric  acid  is  placed  the  fecond  in 
the  order  of  acids,  becaufe  phofphorus  comes 
immediately  after  carbon  in  its  attra6lion  for 
oxigen.  I  firft  give  the  abridged  hiftory  of  the 
difcoVeries  which  relate  to  it  fmce  the  time  of 
Stahl  to  that  of  M,  Tennant.  I  then  confider 
its  exiftence  in  nature,  its  different  means  of 
fabrication,  its  different  ftates  folid  and  vitre- 
ous, foft,  gelatinous  and  liquid,  its  different 
phyfical  properties,  and  its  chemical  relations 
to  light,  caloric,  oxigen,  azote,  air,  hidrogen, 
carbon,  phofphorus,  fulphur,  diamond,  metals, 
water,  and  carbonic  acid ;  bodies  which  have 
all  been  fludied  in  the  fame  order  with  the  phof- 
phoric acid.  Laflly  I  indicate  their  principal 
ufes. 

The  phofphoreous  acid  is  treated  in  the  fame  . 
manner  and  with  the  fame  care.  I  principally 
infift  on  its  difference  from  the  phofphoric  acid, 
on  its  diftinftive  charafters,  efpecially  on  the 
phofphoric  light  which  inflames  at  its  furface 
when  it  is  fuflSciently  heated,  on  the  different 
methods  of  obtaining  it;  on  its  change  to 
phofphoric  acid  by  different  oxigenating  pro- 
cefTes,  and  laflly  on  its  attra6lions  and  ufes  which 
further  diftinguifli  it  from  the  phofphoric  acid. 
I  fliould  mention  here  that  this  is  the  firft  time 
that  the  two  acids  of  phofphorus  have  been 
treated  with  this  detail  and  method  in  a  fyftema-* 
tic  work  of  chemiftiy,  and  that  I  have  confe- 
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quently  digefted  thefe  two  articles  with  all  the 
eleamefs  of  which  they  appeared  to  me  to  be 
fufceptible. 

The  eighth  and  ninth  articles  contain  an  ex- 
amination of  the  fulphuric  and  fulphureous 
acids.  The  firft  of  thefe  acids  is  the  third  in 
order,  with  regard  to  the  attraftion  for  oxigen ; 
the  fulphureous  follows  it  immediately  from  a 
fort  of  dependancy  which  requires  that  it  ihould 
never  be  feparated.  After  the  various  names  of 
the  fulphuric  acid,  after  a  rapid  hiftorical  iketch 
of  the  chemical  labours  which  relate  to  it,  I 
have  ftudied  it  in  its  natural  hillory ;  its  prepara- 
tion, whether  its  extraftion,  or  its  entire  forma- 
tion by  art ;  its  phyfical  properties,  and  the  ef- 
fefts  of  the  attraftions  which  all  the  preceding 
bodies  ejcercife  upon  it,  by  dwelling  upon  calo- 
ric, air,  carbon  and  water,  matters  whofc  aftions 
are  the  moil  important  to  be  determined  with 
precifion.  I  next  explain  the  great  advantages 
natural  philofophy  derives  from  an  exa(5l  know- 
ledge of  this  acid,  and  its  ufes  in  medicine  and 
tlie  arts.  According  to  the  experiments  of  La- 
voifier  and  of  Citizen  BerthoUet  concerning  the 
nature  of  this  acid,  I  have  indicated  its  com- 
pofition  as  formed  of  0,71  of  fulphur,  and  of 
0,29  of  oxigen.  I  muft  add  here  that  Citi- 
zen Thenard,  an  able  chemift,  employed  at  the 
polytechnic  fchool,  has  difcovered,  by  new  re- 
fearches,  made  chiefly  by  burning  fulphur  by 
the  nitric  acid,  that  100  parts  of  fulphuric  acid 
pen  tain  55,56  of  fulphur^  and  44,44  of  oxigen, 
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With  regard  tp  the  fulphuric  acid,  I  explaiu 
its  hiftory  with  the  ^miore  detail  and  care,  be^ 
caufe  though  long  known  and  employed,  it  is 
ftill  one  of  the  fubftances  leaft  attended  to  and 
inoft  inaccurately  treated  in  the  greater  number 
of  chemical  works.  Its  name,  its  hiftory,  its 
exiftence  in  the  native  ftate,  the  proceffes  of 
its  fabrication,  by  burning  fulphur  flightly, 
and  by  partially  decompoiing  the  fulphuric 
acid,  its  phyfical  properties,  its  gafeous  and  li- 
quid ftate,  its  various  combinations  with  the 
bodies  already  treated  of,  its  ufes  in  the  arts 
and  in  medicine,  its  relation  to  the  progrefs  of 
the  fcience ;  this  conftitutes  the  ninth  article^^ 
which  is  appropriated  to  it. 

The  tenth  article  is  referved  for  the  nitric 
3x:id,  one  of  the  moft  frequently  employed,  the 
moft  powerful,  and  the  moft  ufeful  re-agents 
which  chemifts  at  prefent  have  at  their  difpofal, 
and  at  the  fame  time  one  of  the  heft  known  and 
the  moft  fertile  in  difcovery  fmce  the  happy  re^* 
volution  which  the  fcience  has  experienced  of 
late  years :  this  acid  deferves,  in  every  refpe^i^ 
to  be  ftudied  with  the  greateft  care  and  extent ; 
,and  I  have  fpared  neither  the  one  nor  the  othey 
to  explain-  its  properties. 

Its  fynonymy,  its  abridged  hiftory,  its  exr 
iftence  in  the  natural  ftate,  its  formation  by  the 
electric  fpark  adlirig  on  0,20  parts  of  azote,  and 
0,80  of  oxigen  gas  mixed,  its  extraftion  from 
the  native  nitrates  by  chemical  attraftion,  its 
appearances  and    its   phyfical    properties,     its 

weight, 
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weight,  its  tafte,  its  colour,  and  its  M^hite  va- 
pour, its  acrid  unpleafant  odour,'  its  decompo- 
iition  hy  light,  its  volatilization  and  its  decom- 
pofition  by-  caloric  accumulated  between  its 
particles,  its  property  of  difcngaging  elaftic 
azote  from  animal  matters,  the  abforption  of 
atmofpheric  water  which  weakens  it,  its  a6lion 
of  inflaming  fimple  combuftible  bodies,  the  flow 
or  rapid  decompolition  which  it  undergoes  by 
thefe  bodies,  their  converfion  into  acids  bv  its 
proper  oxigen,  which  abandons  it  more  or  lefs 
abundantly,  its  union  ^vith  folid  or  liquid  wa^ 
ter,  with'  the  different  oxides,  its  relations 
as  to  force  and  other  effefts  With  the  acids 
which  precede  it,  its  difference  from  the  for- 
iner  by  the  facility  of  the  difunion  of  its 
principles,  the  examination  of  the  fpecies  of 
oxide  which  is  difengaged  from  it  in  gas  when 
it  is  partly  decompofed  or  difacidified  by  com- 
buftible bodies  (oxide  known  under  the  name 
of  nitrous  gas,  and  which  has  become,  fmce 
the  modem  difcoveries,  one  of  the  moft  ufefiil 
agents  in  a  number  of  experiments,  and  prin- 
pally  in  the  analyfis  of  Uir  or  eudipmetry)  ;  laft- 
ly,  a  concife  explanation  of  the  ufes  of  the  ni- 
tric acid  and  of  the  fervices  which  it  has  ren- 
dered to  the  fcience :  thefe  are  the  objects  which 
compofe  the  tenth  article  of  this  fedion. 

With  the  fame  care  and  in  the  fame  method 
I  ftate  the  properties  of  the  nitrous  acid  in 
the  eleventh  article.  It  was  long  knbwn  to 
chemifls  under  the  name  of  fmoking  fpirit  of 

nitrey 
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nitre,  and  taken  for  the  acid  of  nitre,  confided-' 
ed  as  more  pure  and  ftrong  becaufe  it  poffeffeisj 
a  deeper  colour,  and  emitted  a  more  abundant 
red  vapour.  This  acid  has.  not  been  well  dif- 
tinguifhed  from  the  preceding  till  after  the  con* 
folidation  of  the  pneumatic  doftriue.  I  have  , 
fucceffively  explained  how  it  is  naturally  form* 
ed,  how  it  is  fabricated,  either  by  expofing  ni- 
tric acid  to  light,  by  decompofmg  it  flowly  by  ^ 
a  metal,  or  by  diffolving  nitrous  gas  in  that 
acid  which  rapidly  abforbs  it ;  I  prove  that  it 
differs  or  varies  much  according  to  the  dif- 
ferent proportion  which  it  contains  of  that 
oxide,  and  that  it  is  never  identical,  as  is,  for 
example,  the  fulphureous  acid ;  that  it  is  fatu- 
rated  when  100  of  the  nitric  acid  have  taken  ©0 
of  nitrous  gas ;  that  it  has  then  the  form  of  red 
vapour,  almoft  incoercible,  faturated  with  wa-^ 
ter,  very  volatile,  eafily  feparated  from  the  ni- 
tric acid,  which  condenfes  it.  I  examine  the 
effeds  of  light,  of  oxigen,  of  azote  and  of  air 
on  this  nitrous  acid;  its  decon^pofition  ftill 
^nore  prompt  than  that  of  the  nitric  acid,  by 
combuftibles,  by  reafon  of  the  great  quantity 
.t)f  caloric  which  is  united  with  it  in  this  ni- 
trous flate;  I  defcribe  its  relations  to  water, 
the  oxides,  the  acids  whofe  hiftory  precedes  it, 
its  property  of  caufing  the  phofphoric  and  ful- 
phuric  acids  to  pafs  to  the  flate  of  phofphore- 
ous  and  fulphureous  acids;  laftly,  I  indicate 
with  brevity  its  ufes  and  its  influence  on  the 
progrels  of  the  fcience.     It  is  principally  by 

attcn- 
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attentive  perufal  and  ftudious  refleftion  on  thefe 
two  articles,  compared  with  what  has  hitherto 
been  written  concerning  the  acid  of  nitre  in  the 
numerous  works  of  chemiftry,  even  of  modern 
times,  that  the  perfedion  to  which  this  fcience 
has  arrived  in  the  French  pneumatic  dodlrine, 
and  the  extreme  cleamefs  which  its  principles 
capable  of  throwing  on  the  phenomena  of  na- 
ture and  of  art,  can  be  properly  afcertained. 

In  the  twelfth  article,  I  rapidly  announce 
the  general  properties  of  the  metallic  acids. 
Among  the  twenty-one  known  metals,  four 
only  are  capable  of  being  acidified.  Thefe 
acids,  analogous  to  the  feven  preceding  in  the 
nature  of  their  compofition  which  is  wtU 
known,  are  here  compared  to  them  only  in  their 
properties ;  I  diftinguilh  thefe  from  the  others 
by  their  pulverulent  ftate,  their  harfli  and  me- 
tallic tafte,  their  very  eafy  decompofitioii,  the 
flight  folubility  of  moft  of  them,  their  fpcedy 
return-  to  the  ftate  of  oxides,  the  ftate  which 
conftantly  precedes  their  acidity.  Thefe  four 
acids  are  only  announced  in  the  prefent  article, 
defigned  to  complete  the  feries  of  fuch  of  thefe 
compounds  as  are  well  kno\ra  by  analyfis  and 
fynthefis.  Their  detailed  hiflory  muft  be  re- 
iumed  in  the  feftion  particularly  confecrated  to 
metallic  fubftances. 

The.  thirteenth  article  commences  another 
feries  of  acids,  approaching  to  the  preceding  in 
the  greater  number  of  their  properties,  but 
which  neverthelefe  differ  from  them  fingujarly 
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by  their  unknown  nature,  by  the  impoffibililyy 
as  far  as  has  hitherto  been  experienced,  of  de-^ 
compofing  and  recompofnig  them  completely* 
The  muriatic  acid,  the  particular  fubje6t  of  thd 
article  of  which  I  fpeak,  is  placed  at  the  head, 
of  this  feries,  becaufe  it  approaches  thofe  which 
precede  it  by  the  energy  of  its  attractions^ 
Hitherto  it  has  always  been  reckoned  among 
the  mineral  acids,  and  being  almoft  conftantly 
affociated  with  the  nitric  acid,  it  was  formerly 
regarded  as  one  of  its  modifications,  as  well  on 
account  of  many  of  its  efFe6ls,  as  its  coexiftence 
with  that  acid  in  the  fame  places.  Accordingly 
in  former  times  it  bore  the  name  of  aqua  forth 
like  the  latter  acid ;  and  a  trace  is  ftill  perceive 
ed  of  that  denomination  in  the  title  of  dijiillers 
of  aqua  fortisy  applied  to  thofe  who  prepare 
both  acids.  In  the  hiftory  of  the  muriatic 
acid  I  have  followed  the  fame  order  as  in  thofe 
of  the  preceding  acids.  The  various  names 
which  it  has  had  at  diiferent  times,  the  art  of 
extrafting  or  of  obtaining  the  muriates,  its  two 
ftates  gafeous  and  liquid,  the  phyfical  and  che- 
mical properties  of  its  gas  and  of  its  folution 
in  water,  its  fpecific  aftion  on  certain  oxides  and 
on  the  nitric  acid;  certain  ideas  concerning 
its  intimate  nature  and  its  ufes,  fucceed  each 
other  in  this  article. 

Since  the  impreffion  of  this  part  of  my  work^ 
Citizen  BerthoUet  has  publifhed  in  a  memoir 
read  to  the  National  Inftitute,  a  feries  of  expe- 
riments concerning  the  artificial  formation  of 

the 


the  muriatic  acid,  from  which  it  fhould  follow" 
that  that  acid  is  compofed  of  a^ote,  of  hidro* 
gen,  and  of  Oxigenw  He  has  obferved  that, 
Ift  many  cafes,  where  the  nitric  acid  is  decom* 
pofed  at  the  fame  time  with  water,  muriatic 
acid  is  foitned ;  ahd  he  has  particulariy  ftated 
as  the  principal  ^circumftances  of  that  forma-* 
tion  the  decompofition  of  nitre  by  heat,  the 
ftbforptfon  of  nitrous  gas  by  the  folution  of  the 
fiilphate  of  iron,  and  the  folution  of  iron  in  the 
mtric  acid,  when  filings  of  iron  arc  added  to  it 
a  fecond  time.  He  ufes  the  folution  of  the  ni- 
trate of  filver  poured  upon  the  fluids  afforded 
by  the  experiments  indicated,  to  prove  the  pre- 
fence  of  the  muriatic  acid  formed,  by  the  pre- 
cipitate of  muriate  of  filver  which  it  produces : 
but  thefe  experiments  muft  j'^et  be  regarded  only 
IS  potions  proper  to  open  the  way  to  the  know- 
ledge of  the  muriatic  acid,  and  they  are  not 
fufficient  to  decide  the  nature  of  that  acid.  I 
adopt  this  refult,  1ft,  becaufe  the  quantity  of 
muriatic  acid  which  may  be  fuppofed  to  be 
formed  under  thefe  circumftances  is  fo  fmall, 
that  It  can  not  be  appreciated;  Sd,  becaufe 
there  is  no  proportion  between  tl>e  very  fipall 
quantity  of  acid  formed,  and  the  great  quan* 
tity  of  materials  which  are  employed  to  form 
it;  3d,  becaufe  even  this  fmall  proportion  of 
acid  which  is  thought  to  be  formed  tnajr  very 
cafify  have  been  precipitated  from  the  matters 
employee^  ahd  have  efcaped  the  firft  refearches ; 
4th,  J>6caufe'  tJiere  is  nothing  in  the  experi- 
VxJX*  I.  g  ments 
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ments  which  can  explain  the  relative  proportioi» 
of  the  three  principles  admitted  as  compoiing 
the  muriatic  acid ;  5th,  becaufe  there  is  not 
yet  any  fad  known  concerning  the  decompofi-* 
tion   of  that  acid,  which,   as  a  ternary  com- 
pound, fliould  feem  to  be  much  more  decom- ' 
pofable  than  it  really  is.     To  thefe  firft  reafons- 
I  add  that  Citizen  BerthoUet  does  not  yet  ap- 
pear to   be  fully  convinced  of  the   refult  o€ 
his  inquiries  in  that  refpeft,  becaufe  he  has  not 
yet  given  them  the  publicity  which  fuch  a  dif-* 
covery  is  entitled  to,  on  account  of  the  great  . 
influence  it  would  have  on  all  the  branches  of 
chemiftry.     It    may   therefore    be   concluded 
from  thefe  confiderations  that   the  nature  of' 
the  muriatic  acid  is  not  yet  known,  and  that  it 
is  ftill  in  the  clafs  of  compounds  of  which  the 
analyfis  has  not  yet  been  made. 

After  the  muriatic  acid,  in  the  fourteenth 
article,  comes  the  oxigenated  muriatic  acid; 
an  acquilition  ftill  new  in  chemiftry.  It  is  to 
the  French  chemifts  that  we  are  indebted  for 
the  true  knowledge  of  this  body  which  is  be-  ' 
come  one  of  the  moft  powerful  and  the  moft 
ufcful  agents  that  can  be  employed  in  analytic 
procefles. .  In  all  the  properties  which  charac- 
terize the  muriatic  acid,  there  is  none  which  dif- 
tinguifhes  it  more  eminently  from  all  the  other 
acids,  than  that  of  being  able  to.  decompoie 
many  burned  bodies,  and  take  from  them  a  por- 
tion of  their  oxigen,  with  which  it  combines. 
In  this  combination  it  acquires  new  qualities 
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vhich  I  defcribe  in  my  ordinary  method  in 
that  article,  that  is  to  fay,  placing  it  in  contadt 
with  all  the  bodies  examined  before  in  the  ordei* 
m  which  I  have  confidered.  them.     1  examine 
its  ftate  of  gaSj  its  liquid  ft  ate,  and  its  folid 
ciyftalline  ftate.     I  prefent  it  as  decompofable 
by  light ;  afting  on  the  greatei*  part  of  com- 
buftible  bodies  as  a  powerful  oxigenant ;  unit- 
ing difficultly  with  water,  and  differing  much 
in  that  refpe^l  from  muriatic  acid,   which  dif- 
engages  it  from  that  combination ;  deftroying 
by  its  oxigenating  effe6l  a  great   number  of 
colours  and  of  odours ;  a6ling  rapidly  on  our 
organs  in  a  manner  analogous  to  that  of  feveral 
other  morbific  caufes ;  prefenting,  in  a  word, 
to  chemifts  a  fpecies  of  reagent,  which  may  be 
confidered  as  air  extremely  condenfed,  or  oc- 
cupying a  very  fmall  volume.     Laftly,  I  indi- 
cate its  principal  ufes,  and  announce  that  it  will 
hereafter  become   one  of    the  moft  powerful 
means  which  medicine  can  employ  to  combat 
many  feveire  difeafes- 

The  two  laft  articles  of  the  third  fedion,  the 
fifteenth,  and  the  fixteenth,  treat  of  the  fluoric 
and  boracic  acids,  ftill  unknown  in  their  con- 
ftituent  principles,  and  forming *^'ith  it  the 
fliort  feries  of  three  unknown  ncids.  Thefe  are^ 
in  other  refpefts,  very  diftinguiihable  from  all 
the  other  acids  with  which  feveral  chemifts 
have  in  vain  eijideavoured  to  compare  them  by 
their  intimate  nature  or  the  pretended  analo- 
gies of  their  properties. 
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The  firft,  the  fluoric,  confidered  in  the  fhtte 
of  gas,  and  under  the  liquid  form,  prefents  it^ 
felf  well  chara6lerized  by  its  odour,  its  weight;^^ 
its  a6lion  on  the  hard  flones  and  on  glafs,  it9 
iveaknefs  compared  with  the  aftivity  iof  many 
of  the  preceding  acids,  its  total  inadivity  with 
regard  to  combuftible  bodies,  as  well  as  its  ia- 
dterability  and  the  refiftance  which  it  oppofes 
to  their  readion. 

The  fecond,  the   boracic  acid,  one  of  the 
weakeft  of  all,  is  diffinguiflied  principally  by 
its  folid  and  cryftalline  form,  the  weaknefs  of  < 
its  tafle  atnd  of  its  attra6lioBS,  its  fixity  and . 
vitrifiability,   its  fparing  folubility   in  water,' 
and  its  exerting  no  aftion  on  the  fimple  com- 
buftibles.     In  the  defcription  of  all  its  proper- 
ties, I  have  not  forgotten  to  mention  the  fruit- 
iefs  atifempts  which  have  been  hitherto  made  ' 
to  difcover  the  nature  of  this  acid,  air  the  opi- 
nion of  a  modern  philofbpher  who^   agreeing  i 
in  that   refpe6l  with  certain  ancient  notions^ 
confiders  it  as  a  modification  of  the  muriatic 
acid/ 

The  outlines  "which  I  have  here  drawn  of  the 
order  which  1  have  adopted  to  explain  the?  , 
properties  of  burned  bodies,  oxides,  or  acids, 
for  the  relative  arrangement,  as  well  as  the  hif- 
tory  oHFeach  in  particular,  will  fhew  when  com-* 
pared  with  the  difpofition  of  all  the  treatiiei 
hitherto  written  that  /none  of  them  refembl6» 
mine;  that  this  part  forms  an  entire  wholtf 
which  has  not  till  now  exifted  in  the  fcience ; 

that 
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that  every  objefl;  is  here  conneded  by  rela- 
tions of  which  the  pneumatic  do6irine  alone 
could  a;£&)nl  the  notion  and  the  materials ;  that 
the  new  fafls,  owing  for  the  moft  part  to  mo- 
dem difcoveries,  are  here  connected  witli  the 
ancient,  and  in  a  mutual  dependence  on  each 
other ;  that  the  alterations  as  well  between  the 
ccmftituent  principles  of  thefe  burned  bodies, 
as  between  their  entire  compounds  and  other 
hodMS,  form  the  bafe  of  their  claiTification ; 
iaiily,  that  from  alt  thefe  united  confiderations 
there  flows  an  agreement  between  the  feveral 
truths  which  cannot  fail  to  llrike  the  minds  of 
fiudents  and  give  the  moft  accurate  and  dura* 
ble  impreffion. 


NOTICE  OP  THE  FOURTH  SECTION. 

Concerning  the  Salifiable  BaJhSy  the  Earths  and 

Alkalis. 

THE  title  of  the  fourth  feftion  is :  Concern- 
ing the  Salifiable^  Earthy^  and  Alkaline  Bafes. 
It  is  in  fafit  employed  upon  the  chemialc  hiftory 
of  the  earths  and  of  the  alkalis,  matters  which 
pannot  be  treated  elfewhere  than  in  the  fequel 
of  the  acids,  becaufe  they  have  great  affinity 
with  them ;  becaufe  they  are  almoft  all,  and 
almoft  always,  found  united  to  thefe  compounds ; 
becaufe,  in  fliort,  they  form,  in  thefe  combina- 
tions, the  moft  frequent  produfts  of  nature  and 

of 
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of  art,  of  whofe  exiftehce  and  chara6lers  it  is  * 
impoflible  to  be  ignorant  of  without  being  de-* 
prlved  of  the  inoft  important  refources  of  the  ' 
fcience. 

It  has  been  already  ftiown  that  the  earths  and 
the  alkalis  form  the  third  clafs  of  bodies  con- 
fidered  chemically;  that  tHe  greater  part; 
though  undecompofed,  announce  to  chemills, 
who  frequently  treat  them  in  their  operations, 
and  by  a  fufficiently  great  number  of  phenome- 
na, an  order  of  compofition  much  more  manifeft 
than  can  even  be  fufpe6led  in  the  undecompofed 
matters  forming  the  firft  clafs.  I  fhall  here  add 
to  this  general  notion,  that  the  more  we  ad- 
vance and  the  more  progrefs  we  make  in  the 
examination  of  earthy  and  alkaline  fubftances, 
the  more  the  fuppofition  of  their  compofition  is 
ftrengthened,  whereasi  the  idea  pf  fimplicity 
always  obtains  further  confirmation,  and  is  in* 
creafed  in  proportion  as  the  properties  of  bo- 
dies of  the  firft  clafs  are  better  underftood. 

The  earths  and  the  alkalis  are  here  named 
falifiable  bafes  after  Lavoifier,  beeaufe  their 
moft  eminent  property^  their  moft  definite  cha- 
rafter  is  exhibited  in  the  tendency  which  they 
have  to  form  falts  by  their  union  with  the 
acids;  beeaufe  there  are  no  falts  properly  fo 
called  without  that  union,  and  confequently 
without  their  prefence  ;  and  laftly,  beeaufe  they 
detennine  the  faline  formation  and  nature  by 
^hat  combination. 

This 
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Thisfburth  feftion  is  divided  into  fourteen 
articles* 

In  the  fiiil,  I  confider  the  falifiable  bafes  in 
general ;  I  give  an  extenfive  definition  of  them, 
I  prefent  their  claffification,  and  I  fpeak  of  the 
earths  in  particular.  After  having  defined  thofe, 
and  explained  in  what  th§ir  earthy  chara6ler 
confifls,  I  prove  that  the  ancient  notion  con- 
cerning an  elementary  earth  is  an  abfolute  chi- 
mera ;  and  that  the  more  progrefs  is  made  in 
the  ftudy  of  the  earths,  the  more  their  number 
is  found  multiplied.  I  then  difiinguifli  fix 
earthy  matters  very  different  from  each  other 
and  well  charafterized :  I  divide  them  into  arid 
earths  or  earths  properly  fo  called,  to  the  num- 
ber of  four  fpecies,  filex,  alumine,  zircone  and 
gluqine,  and  alkaline  earths,  of  which  two  fpe- 
cies  are  known,  magnefia  and  lime.  Their  re- 
fpe^ive  difpofition  is  founded  on  their  attrac* 
tion  for  the  acids,  in  fuch  a  manner  that  the 
firft  of  them  is  the  leaft,  and  the  latter  the  moft 
attrafled  by  them.  By  announcing  their  na» 
tural  exiftence  in  the  ftony  compounds,  from 
which  the  art  of  the  chemift  extrads  them,  I 
have  remarked  that  none  of  them  are  yet  known 
in  their  intimate  nature,  their  decorapofition 
luid  their  principles. 

The  fecond  article  treats  of  filex,  of  its  dif- 
ferent names,  its  hifl;ory,  its  exiftence  in  na- 
ture, its  extra6lion  and  purification  by  art,  its 
phyfical  properties,  the  manner  in  which  it  is 
osfted  on  by  all  the  bodies  formerly  examined, 

and 
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and  its  numerous  ufes.  Its  folution  in  water 
and  the  acids,  and  a  great  numbier  of  phe^ 
nomena  which  depend  on  it,  are  particularly 
treated,  though  they  have  been  neglefted  by 
moft  fyftematic  authors.  The  ancient  opinion 
of  the  chemifts,  who  regard  filex  as  an  earthy 
element,  and  the  common  foui; ce  of  all  other 
earths,  is  but  flightly  indicated,  bccaufe,  in  the 
aftual  ftate  of  our  knowledge,  that  opinion  lo£e* 
every  day  its  force  and  its  probability. 

Alumine,  which  forms  the  fubje6l;  of  the 
third  article,  is*  treated  with  ftill  more  detail 
than  filex,  though  in  the  fame  order  and  me* 
thod.  It  prefents  a  feries  of  chemical  phenome* 
na  more  remarkable  than  the  preceding  earthy 
on  account  of  its  great  alterability  and  its 
ftronger  attractions,  I  have  fucceffively  de*^ 
fcribed  the  manner  in  which  it  is  afted  on  by 
heat,  air  and  water ;  its  affinities  with  the  ox- 
ides and  the  acids ;  its  adherence  to  carbone,^ 
which  produces  the  fpecies  of  combuftible  fof* 
fil,  fo  difficult  to  burn,  named  anthracite  by 
the  French  mineralogifts,  to  diilinguilh  it  from 
pit-coal,  properly  fo  called.  I  fljew  in  what 
refpeds  the  ftudy  and  the  well-known  projier- 
ties  of  this  earth  have  influenced  the  progrefs 
of  fcience  and  the  arts  which  it  4ire6ls,  and  I . 
terminate  this  article  by  e:jchibiting  the  multi- 
plied ufes  to  which  alumine  is  applied  in  foci-i 
^ty. 

The  fourth  article,  which  treats  of  zircone. 
is  much  ihorter  and  contaim^  fewer  detaik  than 

the 
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the  two  preceding,  becaufe  this  earth,  known 
only  fince  i7fl3,  has  not  been  yet  examined,  but 
by  few  chemifts.  After  having  defcribed  tlie 
means  of  obtaining  it  from  the  zircone,  the  jar- 
gon, and  the  hyacinth,  I  enumerate  its  phyiical 
charafiers  and  chemical  properties,  particularly 
its  alteration  by  caloric,  its  general  combina* 
tion  with  the  acids,  and  its  differences  from 
filex  and  alumine. 

Glucine,  the  fubjedl  of  ^he  fifth  article,  dif- 
covered  by  Citizen  Vauquelin,  four  years  after 
the  zircone,  is  ftill  lefs  known.  I  firft  give  the 
hiftory  of  its  difcoyery,  then  the  reafon  of  its 
denomination  from  its  fweetiA  tafte,  and  how 
its  combinations^  with  the  acids  are  formed; 
thepce  I  pafs  to  the  procefs  of  its  extra£liony 
and  defcribe  its  phyfical  and  chemical  proper- 
ties, and  more  efpecially  its  attradions,  which 
diftinguiih  it  from  all  the  other  earths.  As  to 
its  ufes,  it  may  be  imagined  that  there  are  none 
yet,  as  well  on  account  of  its  fmall  quantity, 
as  becaufe  it  is  yet  very  little  known ;  I  indi- 
cate however  what  we  may  hope  for  hereafter. 

Long  after  the  impreffion  of  that  article  and 
of  the  feftion  of  my  work  of  which  it  forms  a 
part,  we  were  informed  in  Francp  (only  in  mef- 
fidor  of  the  8th  year,  July,  1 800)  of  a  new 
fpecies  of  earth  very  analogous  to  glucine,  dif- 
covered  three  years  before  it,  in  1794,  by  M. 
Gadolin,  a  Swedifli  chemift.  This  difcovery 
has  been  fince  confirmed  by  M.  Ekcberg,  who 
}i^  named  the  new  earth  yttria,  from  that  of 

r/tterbii 
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ytterhy  given  to  the  ftone  from  which  it  is  ex- 
tra6led,  after  the  place  wh^re  it  is  found.  Ci- 
tizen Vauquelin  has  fent  me  the  analyfis  which 
he  has  made  of  this  ftone,  and  the  examination 
of  the  particular  earth  which  he  has  obtained. 
The  following  is  the  refult  of  his  labour. 

Ytterby  or  Gadolinite  has  a  black  colour/ 
and  its  powder  is  of  a^blackifli  grey,  its  frac- 
ture vitreous.  Its  fpecific  gravity  is  4,097 ;  it 
afts  on  the  magnetic  needle.  When  expofed 
to  the  blow-pipe,  it  breaks  in  fcales  or  -fplin- 
ters,  and  leaves  a  white  matter  which  is  not 
fufible.  When  heated  with  borax,  it  is  fufed, 
and  affords  a  button  of  a  violet  yellow.  In  the 
crucible  it  lofes  0,08  of  its  weight,  and  becomes 
red  like  ochre.  Strong  acids  attack  and  reduce 
it  into  a  fpecies  of  grey ifli  jelly  :  this  jelly  eva- 
porated to  drynefs  and  waflied,  leaves  filex  in 
white  powder.  The  diffolved  part  contains  iron 
and  the  new  earth ;  the  nitric  acid  by  evapo^ 
ration  lets  fall  filex  and  the  oxide  of  iron.  The 
nitric  folution  of  the  earth  which  remains  after 
the  wafliings  of  the  evaporated  matter  is  mixed 
V.  ith  a  little  lime  and  manganefe  ;  ammonia  fe- 
parates  from  it  the  earth  in  queftion,  together 
with  a  little  manganefe.  By  re-diffolving  thefe 
two  fubftances  in  the  nitric  acid,  the  manga- 
nefe is  feparated  by  the  hidro-fulphuret  of  pot- 
afh  which  leaves  the  earth ;  this  is  obtained  by 
the  addition  of  ammonia.  By  thefe  proceiTesj 
as  well  as  by  fufion  with  potafh,  folution  in 
water,  evaporj^tion  which  feparates  the  manga^ 

nefe 
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iefe  and  fubfequent  treatment  with  the  nitric 
acid,  Citizen  Vauquelin  has  been  enabled  to 
find  in  ytterby  or  Gadolinite  the  following 
matters : 

Silex      .....     25 

Oxide  of  iron       .     .     25 

New  earth  or  yttria      35 

Oxide  of  magneiia  •       2 

Lime 2 

Lofs       .    .    ,    .    .     iiSin  carbonic  acid 

I    and  m  water. 

The  earth  thus  extra6led,  or  yttria,  is  white 
and  fine ;  it  has  neither  taile  nor  fmell ;  is  in* 
fufible ;  forms  with  borax  a  white  glafs ;  is  not 
foluble  in  the  cauftic  fixed  alkalis,  which  dif- 
tinguifhes  it  from  alumine  and  from  glucine: 
it  is  foluble  in  the  carbonate  of  ammonia,  like 
glucine  ;  but  it  requires  five  or  fix  times  more 
of  that  fait  than  this  laft.  The  fulphuric  acid 
combines  with  it  by  heat,  and  is  quickly  precipi- 
tated in  fmall  brilliant  cryftals,  flightly  foluble 
in  water.  The  fulph^te  of  yttria  is  aftringent, 
and  afterwards  fweet  like  fait  of  lead:  its 
tafte  differs  little  from  that  of  the  fulphate  of 
glucine,  and  it  requires  fifty  parts  of  cold  wa- 
ter to  diflblve  it.  The  nitrate  of  yttria  is  fweet, 
very  deliquefcent^  incryilallizable ;  inftead  of 
drying  by  heat,  it  fufes  or  becomes  foft  like 
honey ;  by  drying  it  becomes  fplid  and  brittle 
Jike'  a  Hone  :  the  fulphuric  acid  precipitates 
cryftals  from  the  folution.  The  muriate  of  this 
fajth  poffefles  properties  very  analogous  to  thofe 
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of  the  nitrate.     Ammonia,  precipitated  yttria 
from  thefe  three  acids;   the  oxalic  acid  alfo 
feparates  it,  forming  a/  heavy  denfe  precipitate 
like  t^e  muriate  of  filver :  this  laft  phenome- 
non diftijiguiflies  it  ftrongly  from  glucine^  which 
forms  with  the  oxalic  acid  a  very  foluble  fait. 
It  is  alfo  diftinguiflied  by  the  precipitation^  of 
the  falts  of  yttria  by  the  prufliate  of  potaih, 
which  does  not  precipitate  the  falts  of  glucine : 
it  appears  to  have  more  attradion  than  this  laft, 
at  leaft  for  fome  acids.     The  comparifon  of  its 
properties  led    Citizen  Vauquelin  to  admit  a 
real  difference  between  yttria  and  glucine,  and 
to  place  the  former  among  the  diftin6l  earths. 
Magnefia,  the  fubjed  of  the  fixth  article, 
begins  to  exhibit  alkaline  properties,  and  to,  dif- 
fer, in  this  refpeft,  from  the  four  preceding 
earths.     Confounded  for  a  long  time  with  the 
abforbent  earths,  on  account  of  its  property  of 
uniting  eafily  with  the  acids,  I  fhew  in  what 
manner  it  was  diftinguiflied  by  Hoftman  and  by 
Black.     Its  different  ftates  in  nature,  the  art  of 
obtaining  it  pure,  its  external  characters,  the 
aftion  which  caloric,  air,  certain  combuftibles, 
water  and  the  acids  produce  on  it,  its  combi* 
nation  alfo  with  the  four  preceding  earths,  fuc* 
ceffively  engage  my  defcription.     I  ihew  that 
iU  intimate  nature  or  conftituent  principles  are 
no  more  known   than  thofe  of  all  the  other 
earthy  matters ;  and  laftly,  I  announce  its  ufes 
and  application  to  the  medical  art. 

The 
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The  feventh  article,  one  of  the  moft  remark- 
able of  this  foiqth  feftion,  prefents  the  hiftory 
of  lime*  The  details  configned  to  this  article 
correfpond  with  the  importance  of  the  matter 
which  forms  its  fubje6l.  Little  known,  and  the 
fource  of  great  errors  even  till  the  middle  of  the 
eighteenth  century,  lime  has  become,  fince  the 
laft  revolution  of  chemiftry,  one  of  the  moft 
valuable  agents  which  can  be  employed  in  ac^ 
curate  experiments.  ,  I  fucceflively  trace  the 
hiftory  of  the  principal  difcoveries  which  relate 
to  it,  its  natural  hiftory,  its  preparation  by 
burning  and  by  the  proceffes  of  the  chemifts, 
its  alterability  by  heat,  by  air,  its  important 
combinations  with  phofphorus,  fulphur,  and  hi- 
drogen,  its  aftion  on  water,  and  that  of  this 
liquid  upon  it,  the  properties  of  its  aqueous  fo- 
lution^  or  of  the  water  of  lime,  its  attradions 
compared  with  thofe  of  the  other  bafes  for  the 
acids,  its  union  by  means  of  heat  and  water 
with  filex  and  alumine.  By  explaining  the  dif- 
ferent opinions  of  chemifts  and  of  naturalifts 
concerning  its  intimate  nature,  I  prove  that 
nothing  is  yet  known  on  this  fubjeft,  and  that 
whatever  has  been  faid  concerning  its  xompo- 
fition  is  intirely  hypothetical.  I  enumerate  the 
very  many  ufes  to  which  this  earth,  the  moft 
approaching  to  the  alkalis,  is  emplyed  in  a 
number  df  circumftances,  either  for  the  treat- 
ment of  difeafes,  for  the  culture  of  the  fields 
and  rural  economy,  or  in  the  very  extenfive  lift 

of 
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of  arts   where   it  is   very    beneficially  appli- 
ed. 

The  eighth  article,  which  bears  for  title  con^ 
Cerning  alkalis  in  generalj  explains  the  origin 
of  that  word,  the  alkaline  charafters  and  the 
enumeration  -as  well  as  claffification  of  their 
bafes.  I  there  ihew  why  I  have  reje6led  the  let- 
ter k  from  that  word,  and  I  have  fubftituted 
the  c  ;  1  announce  that  two  of  the  bafes  hither- 
to claffed  among  the  earths,  namely,  barytes 
and  ftrontian,  Avill  hereafter  become,  according 
to  my  method,  part  of  the  genus  of  alkalis,  of 
which  the  number  is  thus  increafed  to  five ;  I 
difpofe  them  according  to  the  order  of  their  at- 
tradion  for  the  acids,  beginning  with  the  moll 
powerful  alkali ;  I  place  in  fucceffion  barytes, 
potalh,  foda,  ftrontian  and  ammonia.  Barytea 
and  ftrontian  become  truly  the  two  fixed  alka- 
lis, becaufe  they  refift  fire  much  more  than  pot- 
afh  or  foda.  I  mention  the  fimilitude  of  the 
attraction  of  the  alkalis  with  thofe  of  the  earthy 
bafes  ;  I  indicate  their  ftates  in  nature  the  ge- 
neral mode  of  their  combinations,  their  inti- 
mate compofition  ftill  unknown,  except  merely 
in  the  fpecies  of  ammonia;  I  explain  alfo  the 
views  which  I  firft  entertained  concerning  the 
conftant  prefence  of  azote,  as  the  alkalifying 
"  or  alkalizing  principle ;  but  I  have  taken  care 
not  to  prefent  them  otherwife  than  hypotheti- 
cal notions  Avhich  ought  to  be  regarded  as 
fuch,  till  more  accurate  experiments  than  thofe 

which 
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which  have  hitherto  been  made  fliall  have  per- 
mitted us  to  fpeak  decidedly  in  this  refpeft. 

The  ninth  article,  appropriated  to  barytes, 
comprehends,  after  my  ordinary  method,  its  fy- 
nonymy,  its  hiftory,  its  Hate  in  nature,  its  pre- 
paration, its  phyfical  properties,  the  effefts 
which  it  experiences  on  the  part  of  light,  of 
caloric,  of  air,  its  union  with  phofphoi  us  and 
fulphur  as  well  as  with  fulphurated  hidrogen, 
its  habitudes  with  water,  the  oxides  and  the 
acids,  and  its  a6lion  on  the  earths.  I  treat 
largely,  1  ft,  of  the  hidro-fulphuret  of  barytes, 
a  fpecies  of  combination  newly  difcovered ;  I 
defcribe  three  kinds  of  compounds  formed  by 
this  bafe  Ayith  fulphur,  fulphurated  hidrogen,  or 
thefe  two  bodies  at  once  ;  namely,  the  fulphu- 
ret^  the  hidro-fulphuret,  and  the  hidro-fulphu- 
rated  or  hidrogenated  fulphuret  of  barytes,  be- 
caufe  the  fame  triple  combinations  are  found 
among  all  the  alkalis,  and  becaufe  they  are  of 
much  ii)itereft  in  the  adual  ftate  of  the  fcience; 
Sd,  on  the  extinftion  of  barytes  in  the  air,  which 
is  mu<:h  more  lively  than  that  of  lime  ;  3d,  on 
the  fplution  of  barytes  in  water,  more  plentiful 
by  beat  than  in  the  cold,  and  on  the  cryftalli- 
zation  of  this  article  ;  4t\  on  its  combination 
w;th  the  earths,  which  may  be  advantageous  in 
^e  analyfis  of  ftones;  5th,  on  its  ftrong  at- 
tradion  for  the  acids; '6th,  on  its  poifonous  ef- 
fefls  on  the  animal  economy. 

In  the  tenth  and  eleventh  articles,  I  examine 
potalh  and  foda  with  equal  care,  and  ftill  greater 

extent. 


extent.  The  fafts  which  relate  to  them,  all  of 
which  are  of  great  importance,  fmce  we  have 
learned  how  to  diftinguifli  thefe  alkalis  in  their 
ftate  of  purity  from  their  combinations  with  the 
carbonic  acid,  which  formerly  paffed  for  alka- 
lis, are  defer ibed  methodically,  and  with  an  ex* 
tent  Avhich  correfponds  Avith  their  importailce } 
I  have  ihowii  that  potafli  is  not  an  alkali  ex* 
clufively  belonging  to  vegetables,  as  has  been 
believed ;  that  it  exifts  abundantly  among  fof* 
(lis,  and  that  it  appear^  to  pafs  from  them  into 
plants.  I  explain  its  preparation  with  fome  de* 
tail,  becaufe'this  fubjeft  is  ftill  (lightly  treated 
in  fyftematic  works  on  chemiftry,  then  its  phy- 
lical  and  chemical  properties,  enlarging  princi* 
pally  on  its  combination  with  fulphur  and  ful* 
phurated  hidrogen,  on  its  union  with  water,  on 
its  attraftions  for  the  acids,  on  the  compounds 
wliich  it  forms  with  ceitain  earths,  and  its  flight  ' 
adherence  to  others,  on  the  ftill  hypothetical 
notions  which  we  arc  permitted  to  entertain  of 
its  intimate  nature,  and  laflly,  on  its  ufes  and 
the  neceflity  of  augmenting  its  produftion  in 
France. 

The  fame  order  and  the  fame  care  are  adopt* 
6d  concerning  foda ;  its  fyonyma,  its  natural 
hiftory,  its  e::tra6lion  and  its  preparatit)n,  its 
external  charafters,  its  relations  to  light,  calo* 
ric,  air,  combuftible  bodies,  water,  the  oxide^ 
the  acids  and  the  earths,  are  fucceffively  cxa* ' 
mined.     I  have   principally  iniifled  On  thofe/" 
properties  whibh  txclufively  belong  tO;  and  dif* 

tinguiih: 
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tinguifh  it  from  potafli,  Avith  which  not  half  a 
century  ago  it  was  ftill  confounded,  namely, 
its  particular  form,  its  great  fufibility,  its  dry- 
ing in  the  air,  after  its  ftrong  deliquefcence,  it^ 
lefs  attraction  for  acids,  its  analogy  with  ani- 
mal matters  in  which  it  is  fo  frequently  found 
combined,  and  laftly,  the  great  denfity  of  the 
faline  compounds  to  which  it  gives  birth. 

I  fhall  in  this  place  ftate  with  rapidity  an 
opinion  prefented  fome  months  ago  fubfequent 
to  the  impreffion  of  the  fecond  volume  of  my 
work,  concerning  the  peculiar  nature  of  alkalis 
and  of  alkaline  earths.  Citizen  Deformes, 
operator  of  chemiftry  in  the  polytechnic  fchool, 
and  a  very  able  chcmift,  has  thought  that  he 
has  difcovered  by  fome  experiments  that  hidro- 
gen  is  the  general  alkalifying  principle ;  that 
it  is  united  with  lime  in  potalh,  with  magnefia 
infoda,  &c. : — but  the~experiments  which  he  has 
ftated  are  very  far  from  being  fufficient  to  fup- 
port  his  opinion,  which  indeed .  he  has  ad- 
vanced only  as  a  fufpicion.  I  fliall  obferve 
concerning  this  idea,  that  I  was  the  firft  who 
fufpefted  and  indicated  the  prefence  of  lime  in 
potafli,  and  of  magnefia  in  foda,  and  that  I  do 
not  fee  in  the  fafts  announced  any  reafon  to  ad- 
mit hidrogen  any  more  than  azote  as  the  alkali- 
fying principle. 

The  twelfth  article  treats  of  ftrontian,  a  bafe 

difcovered  in  1793  by  M,  Klaproth  of  Berlin, 

'  which  he  has  confidered  as  an  earth,  and  Was 

'Confounded  for  feveral  years^  with  barytes,  to 

Vol.  I.  h  which 
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which  it  in  effeft  approaches  in  many  of  its 
properties.  I  rank  it  among  the  alkalis,  on  ac- 
count of  its  energy,  its  folubility,  its  cryftal- 
lizability,  and  its  attraction  for  the  acids,  which 
follows  that  of  foda,  and  precedes  that  of  lime. 
I  have  fucceffively  prefented  the  hiftory  of  its 
difcovery,  the  methods  of  obtaining  it  pure 
from  tAvo  of  its  natural  compounds,  its  phyfi- 
cal  charadcrs  and  chemical  a6lion  on  all  the 
bodies  placed  before,  it  in  my  claffification.  I 
have  ill  own  the  charaders  which  diftinguifli  it 
from  barytes,  its  lefs  fpecific  gravity,  its  Aveak- 
cr  folubilitj%  its  form  and  that  of  its  compounds, 
its  attractions,  its  phofphorefcence,  the  purple 
colour  which  it  gives  to  flame  Avhen  it  is  beld 
in  folution,  its  inaction,  or  its  effeft,  at  leaft 
^lot  poifonous  to  living  animals,  in  compa- 
rifon  to  the  deftru6live  aclion  of  barytes. 
With  regard  to  thefe  two  bafes,  which  appear 
to  be  confounded  or  only  to  differ  from-^ each 
other  by  certain  Ihades  in  their  properties,  I 
have  delcribed  the  particular  art  of  obtaining 
them  in  a  ftate  of  purity  and  of  caufticity  Avhich 
was  long  unknown  lo  chemifts,  and  which  con- 
fifts,  according  to  the  difcovery  of  Citizen 
Vauquelin,  in  the  complete  decompofition  of 
each  of  their  nitrates  by  heat  in  clofed  veffels. 
Ammonia  occupies  the  thirteenth  article. 
This  fpecies  of  alkali,  long  defcribed  by  the 
name  of  volatile  alkali,  fo  eminently  diftin* 
guifhed,  by  its  odour  and  its  eafy  converfiou 
into  vapour,  from  the  two  alkalis  which  were 

formerly 
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formerly  named  fixed,  is  fiifceptible  of  affiiming 
the  two  ftates,  gafeous  and  liquid,  and  of  per- 
mitting the  feparation  of  its  two  conftituent 
principles  by  the  reaftion  of  many  burned 
bodies,  as  well  as  to  form  itfelf  by  the  union  of 
azote  and  of  hidrogen,  according  to  the  beau- 
tiful difcoveries  of  Scheele,  Bergmann,  and  prin- 
cipally of  Citizen  BerthoUet.  Its  hiftory  re- 
quires many  more  details  tmn  that  of  the 
other  four  alkalis,  to  which  analyfis  and  fyn- 
thefis  are  ftill  equally  wanting.  I  fucceffively 
examine  ammoniacal  gas,  and  ammonia  pro- 
perly fo  called,  or  in  the  liquid  ftate,  as  to  their 
phyfical  and  chemical  properties,  in  their  dif- 
ferent combinations  with  the  fimple  and.  burned 
bodies,  in  their  artificial  dccompofition  and 
formation.  By  infifting  on  the  abundance  of 
azote  in  this  ammoniacal  compound,  and  on  its 
eafy  dccompofition  as  well  as  compofition,  I 
hav^e  ihown  how  this  knowledge  acquired  in 
our  own  time,  concerning  the  nature  of  this  al- 
kali, the  only  one  at  prefent  well  determined  as 
to  its  principles,  throws  light  on  a  great  num- 
ber of  chemical  phenomena  ;  particularly  with 
relation  to  the  ammoniacal  falls,  to  animal  mat- 
ters, and  to  their  dccompofition  by  heat  and  by 
putrefaction.  In  a  word,  I  give  to  this  article 
all  the  extent  and  the  importance  which  this 
fpecies  of  body  requires,  which  it  is  intended  to 
explain.  It  is  one  of  thofe  in  which  will  be 
found,  on  perufing  it  with  the  attention  it 
deferves,   the  moft  marked  difference  between 

h  2  the 


the  prefent  and  the  former  ftate  of  chemiriry  i 
it  is,  in  fad,  one  of  the  neweft  and  moft  ufeful 
in  the  whole  work,  for  conveying  information 
tefpe6ling  the  fcience.  I  muft  here  add  that, 
after  drawing  vip  that  article.  Citizen  Vauque- 
lin  and  myfelf  had  occafion  to  obferve  in  liquid 
ammonia  the  property  of  coagulating,  of  freez-' 
tng,  and  even  of  cryftallizing  in  long  aggre- 
gates of  prifm^,  or  of  brilliant  and  fatin-like 
iieedles  with  fix  fides,  when  it  is  expofed  to  a 
temperatufe  of  as  or  30  degrees  beneath  the  O  . 
of  the  thermomerer  of  Reaumur.  At  that  tem- 
perature, indeed,  many  bodies  which  it  has  not 
hitherto  been  poflible  to  obtain  in  the  folid 
form,  are  capable  of  aifuming  one  tnore  or  left  ,: 
regular. 

The  fourteenth  and  laft  article  of  the  fourtlt  ^ 
fe6lion  is  the  moft  extenfive  of  any ;  it  contains 
general  notions  of  lithology  or  the  hiftory  of 
ftones,  Av^hich  I  place  after  the  falifiable  hafes, 
becaufe  they  are  truly  to  the  chemift  natural 
combinations  of  earths  ^nth  each  other,  or  of 
certain  earths  with  potafh-  Thefe  bodies  are  a 
part  of  the  fixth  clafs  of  my  general  and  che- 
mical divifion  of  the  produ6lions  of  nature; 
the  reft  of  that  clafs  will  be  given  in  feveral 
other  of  the  following  feftions  :  this  is  placed 
•in  the  fequel  of  the  earths,  on  account  of  tlicf 
nature  or  the  particular  order  of  compofitioa 
which  conftitutes  the  ftones.  The  fcience  ii 
not  yet  fufficiently  advanced,  and  the  analyfift 
of  folid,  earthy  compounds,  or  of  ftones  is  not 

fufliciently 
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fufficiently  complete,  to  enable  me  to  prefent  a 
methodical  and  chemical  divifion  of  'thcfe  bo* 
dies,  as  I  could  have  Avifhed.  To  remedy  this 
defe6l,  I  have  thought  it  neceflary  to  give  at 
ieaft  an  abridgment  of  the  aftual  difcoveries  on 
lithology,  and,  to  do  this  methodically,  I  hav^ 
divided  this  article  into  fix  paragraphs. 

In  Section  the  First,  arc  explained  the 
diftin6live  charad;ers  of  ftones,  taken 

A.  From  their  phyfical  properties,  fuch  as 
weight,  hardnefs,  tranfparency,  double  or  fim* 
pie  refraftion,  eleftricity,  magnetifm,  colour, 
tafte  and  odour. 

B.  From  their  geometrical  properties,  or 
their  external  and  internal  form,  from  thofe  of 
their  integrant  parts  or  molecules,  and  from 
their  fraftures. 

C  From  their  chemical  properties ;  namely, 
from  the  aftion  of  heat  alone ;  from  the  a6^ion 
of  heat  aided  by  difterent  fluxes,  and  from  that 
of  the  acids.  In  this  fketch,  I  have  omitted 
none  of  the  properties  which  are  confidered  in 
ftones,  to  eftabliih  eflential  diftinctions  between 

« 

them,  nor  any  of  the  principal  ihades  which 
each  of  theft  properties  prefent  to  the  obfcrver ; 
I  have  availed  myfelf  of  all  the  data  colle<5led 
by  modern  mineralogifts. 

InSECTioN  the  Second,  I  have  given  an  out- 
line of  th^  principal- methods  of  lithology^ 
founded  on  the  external  and  fenfible  proper- 
ties, or  on  the  methodical  ufe  which  lithologifts 
bavp  made  of  thelc  properties,  compared  or  con- 

traftcd 
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trafted  with  each  other,  to  difpofe  the  ftones 
with  regularity,  and  to  diftinguifh  them  from 
each  other.  I  have  fucceflively  fpoken  of  the 
attempts  made  in  this  way  by  Bromel,  Cramer, 
Henckel,  Wolfterdoff,  Gellert,  Cartheufer, 
Jufti,  Lehman,  Vogel,  Scopoli,  and  principally 
bv  Wallerius,  Rome-Delifle,  Werner  and  Dau- 
beiiton.  But  I  have  ihown  their  inevitable  de- 
fers, their  infufficiency  to  afford  a  real  know- 
of  ftones,  and  their  merit,  which  confifts  merely 
in  the  art  of  difcovcring  the  name  which  has 
been  given  to  each  of  thefe  bodies  in  parti- 
cular. 

In  Section  the  Third,  I  have  prcfented  a 
fhort  notice  of  the  lithological  fyftems,  fojinded . 
on  the  chemical  nature  or  compofition  of  ftones, 
from  Cronftedt  who  firft  adopted  that  happy 
idea,  to  Bergman n,  de  Born,  and  the  celebrated 
M.  Kir  wan,  the  laft  M'^ho  has  written  a  fyftema- 
tic  work  on  this  part  of  the  natural  fciences. 
By  comparing  thefe  fyftems  with  the  phyfical 
or  external  methods,  I  have  ihown  that,  how- 
ever complete  they  may  be  capable  of'  becom- 
ing, they  will  never  intirely  difplace  the  latter, 
which  will  always  be  required  to  diftinguilli 
ftones  from  their  afpe6l  without  deftroying  theif 
texture.    - 

Section  the  Fourth,  prefents  the  fequel  of 
the  ftones,  treated  according  to  the  plan  adopt- 
ed by  the  French  mineralogifts,  according  to 
the  lateft  enquiries  of  Citizen  Haiiy.  As  there 
are    only  forty-five    natural  fubftaoces  truly 

ftony, 
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ftony,  by  excluding  from  that  clafs  all  the 
fbffils,  formerly  reckoned  among  the  ftones, 
but  which  belong  to  the  falts  or  acidiferous  fub- 
ftances,  or  to  ores,  this  celebrated  French  mine- 
ralogift  has  thought  it  uniieceflary  in  order  to 
the  defcribing  and  explaining  them  with  care, 
to  divide  them  into  genera,  or  to  eftabliHi  nu- 
merous diltin^ions  and  characters  between 
them,  but  only  to  arrange  them  in  a  feries  moll 
proper  to  indicate  their  relations  and  their  dif- 
ferences. The  greater  part  of  thefe  forty-j^vc 
ftones  have  new  names  taken  from  their  moft 
ftriking  properties,  and  imagined  by  Citizen 
Haiiy.  I  have  given,  after  him,  an  abftrad  of 
their  charafters  and  of  their  differences,  by 
quoting,  under  as  many  of  the  fucceffive  mem- 
bers, quartz,  fdex,  _zircon,  telelia,  cymophane, 
ruby,  topaz, "  emerald,  euclafe,  grenatc,  leucite, 
idocrafe,  feldt  fpar,  petro-filex,  coryndon,  cey-^ 
lanite,  axinite,  tourmaline,  amphibole,  aftinote, 
pyroxene,  ftaurotide,  thallite,  fmaragdite,  oifa- 
nite,  dioptafe,  lazulite,  zeolite,  ftilbitc,  prehnite, 
chabafia,  analcime,  fommite,  andreolite,  peridot, 
mica,  cyanite,  tremolite,  leucolite,  dipyre, 
albedos,  talc,  chlorite,  made,  and  argil.  I  add 
to  their  phyficar  properties  whatever  is  known 
concerning  their  nature  and  their  compolition. 
Section  the  Fifth,  is  employed  inadefcrip- 
tion  of  the  method  of  analyfis  which  the  mo* 
dern  chemifts  have  adopted  for  ftones,  and  of 
the  proceffes  which,  they  praftice  to  feparatc 
their  different  conftituent  parts,  as  well  as  to 

eftiitiatc 
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eftimate  their  proportions  with  aqciiracy. 
They  confift  in  grinding  the  ftone  with  water 
in  a  mortar  of  filex,  and  fufing  it  in  a  crucible 
of  filver,  with  three  times  its  w^eight  of  pure 
folid  potaih  prepared  by  alcohol ;  then  diluting 
it  with  a  fufficient  quantity  of  water  ;  adding  . 
muriatic  acid  fufficient  to  diflrolve  all  the  fufed 
mafs ;  then  treating  in  the  fame  manner  that 
portion  of  the  ftone  which,  having  refifted  the 
alkali,  has  not  been  diffolved  in  the  acid ;  by 
evaporating  the  folution  to  drynefs  ^n  a  veffel 
of  platina  or  of  porcelain ;  then  adding  a  little- 
muriatic  acid  towards  the  end  ;  diflblving  this 
mafs  in  water;  by  igniting  and  weighing  the 
fiiex  which  falls  down  and  is  not  redilfolved  in 
the  laft  liquid  ;  by  precipitating  by  alkaline 
carbonates,  the  other  earths,  Avliich  remain  dif^ 
folved  in  the  ftate  of  muriates, ;  by  treating  the 
precipitate- by  a  ley  of  potafli  to  rediifolve  the 
alumine,  which  is  afterwards  feparated  by  an 
acid  or  by  a  carbonate,  to  ignite  this  by  cal-r 
cination  in  a  crucible;  to  diffolve  the  other 
earths  by  the  muriatic  acid  ;  to  precipitate  the 
lim*e,  magnefia,  and  the  oxide  of  iroji,  if  prefent 
by  a  Solution  of  cauftic  potafh  and  afterwards 
the  bary tes  by  fulphuric  acid.  The  proper  me-t 
thods  of  feparating  the  hme,  magnefia,  oxid? 
of  iron,  and  thofe  of  difcovering  zircon,  glu-^ 
cine  and  potafb,  are  afterwards  defcribed  witl^ 
fufficient  detail  t^  Femove  every  difficulty  on 
the  fubjefii. 
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Laftly,  in  Section  the  Sixth  :  I  have  givea 
^e  refult  of  all  the  analyfes  of  kno^vn  ftcmei, 
by  announcing  the  varieties  of  each  Ipeciea, 
diftinguillied  by  a  number  correfponding  to 
that  Avhich  it  occupies  in  the  feries^  from  No.  1 
to  No.  45>  by  placing  together  the  analyfis 
made  by  different  chemifts,  principally  by  Mar^ 
grafti  Bergmann,  Klaproth5Vauquelin5Wiegleb^ 
Kirwan,  Pelletier,  Sauflure,  GmeUn,  fiindheimy 
Achard, .  Weftrumb,  Scopoli,  Fabroni,  Morell, 
Mayer,  Struve,  Hoepfner/  Huzer,  and  CoUet- 
Defcotils*  Thefe  are  the  philofophers  who 
have  occupied  themfelves  moft  in  this  kind  of 
Jithological  analyfis. 

The  four  6rft  fedions  of  which  I  have  noir 
given  an  account,  compofe  volumes  L  and  IL 
of  the  edition  in  8vo.  and  the  1ft  volume  of  the 
^ilion  in  4to. 


NOTICE  OJ*  THE  FIFTH  SECTION- 

Concerning  the  Salts.^ 

THE  fifth  fedion,  devoted  to  the  chemical 
hiftory  of  the  falts,  or  compounds  fonned  by 
the  union  of  the  aicids,  and  of  the  bafes,  is  one 
of  the  moft  extensive  and,  at  the  fame  time,  one 
©f  the  moft  new.  Since  the  year  1782  I  had 
already  given  in  the  different  editions  of  my 
Elements  of  Chemiftry,  a  much  more  extenfive 
^aij    cpULCgrning    faline   matters    than    any 

author 
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author  had  before  given  refpefting  thefe  objefls, 
either  in  French  works,  or  in  tho£e  of  other 
countries  which  have  come  to  my  knowledge. 
The  number  of  the  difcoveries  made  a  fhort 
time  before  that  period  concerning  the  acids^ 
and  certain  earthy  bafes,  enabled  me  to  give 
to  that  part  of  the  fcience  a  development  till 
then  unknown.  For  fome^years  before  1778> 
till  which  time  my  ftudies  were  continued  under 
the  moft  able  profeflbrs  of  chemiftry  in  Paris> 
k  was  not  ufual  to  diftinguifli  more  than  twenty 
ialine  matters  at  moft:  It  was  cuftomary  to 
affociate  them  Avith  the  hiftory  of  each  of  the 
acids,  of  which  they  were  regarded  as  Com- 
pounds infeparable  in  the  explanation  of  their 
properties.  By  following  in  this  refpe6l  the 
fyftem  of  my  mafter,  Bucquet,  who  firft  diftin- 
guifhed  the  falts  and  has  claffed  them  methodi- 
cally in  his  introduftion  to  the  ftudy  of  the 
mineral  kingdom,  I  greatly  extended  that 
clafs,  and  I  enriched  it,  in  1782,  Adth  all  the 
difcoveries  made  fince  the  death  of  that  illuf-* 
trious  profeffor,  Avhofe  method  and  perfpicuity 
were  my  firft  guides.  In  the  three  following 
editions  of  my  Elements  of  Chemiftry,  I  have 
fucceflively  augmented  the  feries  of  its  com- 
pounds. But  fmce  1791,  the  period  of  the 
fourth  edition  of  that  work,  how  numerous 
are  the  fafts  added  to  thofe  formerly  known 
and  tending  to  modify  the  whole  qf  our 
refults ! 

two 
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Two    earthy   bafes   have   been   difcoveredt 
2ircon  and  gkicine :  one  fubftance  Avliich  was 
at  firft  thought  to  be  an  earth,  namely,  ftron- 
tian,  has  been  added  to  tlie  alkaline  bafes.     The 
faline  combinations  of  the  phofphoreous  and 
fulphureous  acids  have  been  examined.     The 
fulphites   and  the  phofphites,    then  only  an- 
nounced, have  been  examined  M'ith  fufficient 
care;    the  exiftence  of  the   nitrites  has  beeu 
afcertained.   The  fuper-oxigenated  alkaline  and 
earthy  muriates  have  been  difcovered.     A  more 
exaft  analyfis  of  many  foffils  has  caiifed  fubjeils 
to  be  ranked  in  the  clafs  of  falts  which  were 
before  regarded  as  ftones.     The  fucceffive  la- 
bours of  the  moft  able  chemifts  of  Europe  have 
thrown  new  light  on  a  veiy  great  number  of 
falts  which  were  not  known  before,  or  which 
were  only  known  inaccuiately,  particularly  on 
thefe  which  have  an  excefs  of  their  bafes  of 
their  acids  or  which  have  double  bafes  or  thofe 
which  are  named  triple  falts.     The  general  re- 
fult  of  thefe  modern  refearches  carries  the  num- 
ber of  falts,  limited,  twenty  years  ago,  to  thirty 
or    more,    up  tp  a  hundred  and   thirty-four 
fpecies. 

Occupied  myfelf  with  a  part  of  thefe  in- 
quiries, and  a  witnefs  of  the  difcoveries.  to 
which  they  have  conduced  my  friends  and 
nffociates,  Guy  ton,  Pelletier,  BerthoUet,  and 
Vauquelin,  with  regard  to  the  greater  number 
of  the  falts ;  obliged  particularly  by  my  duty . 
Xq  communicate  them  every  year  to  a  great 

number 
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number  of  pupils,  I  have  feen  that  the  difc- 
culties  with  which  the  ftudy  is  already  fur-* 
rounded,  would  continually  increafe,  if  an  ufe- 
ful  and  clear  method  were  not  adopted  to 
enlighten  and  direft  their  fteps.  By  long  me* 
ditation  on  this  fubje6l,  from  numerous  experi- 
ments made  during  feveral  years  of  ftudy  X 
have  at  length  been  enabled  to  adopt  an  order, 
a  claffification  which  render  the  ftudy  and  the 
exacl  knowledge  of  thefe  fubjefls  infinitely 
more  eafy.  In  eftablifhing  this  claffification, 
my  aim  has  been  to  attach  in  fome  meafure  to 
the  mere  relative  difpofition  of  the  hundred  and 
thirty-four  fpecies  of  faline  compounds,  the 
moft  effential  part  of  their  diftindive  proper- 
ties ;  to  reprefent  the  principal  characters  def'* 
tined  to  diftinguifli  them  from  each  other 
fhcrely  hy  tfieir  mutual  fituation ;  in  a  word,  to 
render  the  method  itfelf  fubfervient  to  the  ex- 
pofition  of  the  moft  ftrikitig  fa6ls  in  their  hif- 
tory.  Such  is,  without  doubt,  the  moft  pro- 
minent advantage  and,  at  the  fame  time,  the 
moft  original  part  of  this  fifth  feftion,  the  re- 
gular order  of  which  allows  me  to  point  it  out 
as  one  of  the  ,moft  important  portions  of  my 
whole  work. 

^All  the  faliAe  matters,  of  which  it  contains 
the  chemical  examination,  are  divided  into  ge^ 
ncra  and  fpecies.  The  firft,  founded  on  the 
acids,  and  bearing  each  the  name  w^hich  cha- 
rafterizes  thefe  laft,  according  to  the  principles 
of  the  methodical  nomenclature,  are  arranged 

or 
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or  difpofed  in  the  order  of  the  attraftive  force 
of  the  acids-for  the  bafes  in  general :  in  fuch  a 
manner  that  the  fulphates  are  the  firft  of  thefe 
genera,  and  the  carbonates  the  laft,  becaufe  the 
fulphuric  acid  moft  ftrongly  attrafls  the  alkali» 
and  earths,  whilft  the  carbonic  acid  attra6is 
them  leaft.  So  that  this  difpofition  of  the  ge- 
nera already  Ihews  by  what  acids  and  in  what 
order  of  attraftion  the  genera  of  falts  are  re- 
fpedlively  decompofable. 

In  each  genus,  the  fpecies  are  arranged  ac- 
cording to  the  fame  order  of  attraction,  by  fol- 
lowing in  this  place  the  attraction  of  the  parti- 
cular bafes  for  the  acid  of  each  gtnus.     Thus, 
among  the  fulphates,  6r  in  the  firft  genus,  the 
fulphate  of  barytes  is  the  firft  fpecies,  becaufe 
barytes  adheres  more  to  the  fulphuric  acid  than 
all  the  bafes  which  it  is  capable  of  feparating 
from  it ;  the  fulphate  of  zircon  is  the  laft  fpe- 
cies,  becaufe  the  zircon  is  the  leaft  adherent 
of  all  the  bafes,  and  may  be  precipitated  from 
it  by  all  the  others.     Between  thefe  two  fpecies 
are  fucceflively  placed  the  fulphates  of  potafti, 
of  foda,  of  ftrontian,   of  lime,  of  ammonia,  of 
magnefia,  of  glucine  and  of  alumine,  becaufe 
this  is  the  order  of  the  attractions  which  go- 
vern the  adherence  between  all  the  bafes  and 
the  fulphuric  acid,     It  may  be  conceived,  after 
this  fimple  expofition,  that  the  feries  of  falts 
fo  difpofed,  form  a  table,    which    reprefents, 
^fter  the  faithful  order  of  the  attra^ions  of 

their 


iheir  principles,  their  principal  properties  of  dt^^ 
compofition* 

If  ta  this  order,  or  arrangement  by  the  at-- 
tradions,.  intended  to  explain  the  principal 
properties  of  the  falts>  we  add  the  very  fignifi-- 
cant  names  which  they  all  bear,  and  which  give 
aprecife  notion  of  their  nature,  at  the  fame  tiriie 
that  they  difmifs  for  ever  the  arbitrary  denomi*' 
nations  which  were  formerly  given  to  them  ;  if 
it  be  confidered,  that  in  addition  to  this  regular 
progrefs  each  genus  is  firft  treated  under  the  re- 
lation of  its  generic  characters,  proper  to  diftin- 
guifli  it  from  all  the  others,  and  each  fpecies 
examined  afterwards  as  to  all  the  properties 
which  chara6lerize  it,  it  will  be  perceived  that 
this  hiftory  of  the  falts,  which  occupies  the 
third  and  fourth  volumes  in  o6lav6  or  the  fe- 
cond  volumes  in  quarto,  is  very  different  from 
whatever  has  been  hitherto  publifhed  in  che- 
miflry. 

I  muft  now  point  out  the  divifion  and  fub- 
ject  of  the  different  articles  which  compofe  ihis 
fifth  feftion  of  my  work.  It  is  divided  into 
eighteen  articles.  The  ifirft  is  devoted  to  gene-^ 
ralities,  to  the  claJIification  of  the  falts,  and  to 
the  expofition  of  the  manner  in  which  1  have 
treated  them.  With  the  general  principles 
which  I  have  jufl  traced,  I  fpeak  in  detail  con* 
ceming  the  rules  of  nomenclature,  which  arc 
of  importance  to  be  Avell  known,  becaufe  they 
truly  direft  the  precife  knowledge  which  it  is 
jneccffary  to  acquire.     I  indicate  the  manner  in 

which 
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\v'hich  I  then  divide  all  the  following  articles 
appropriated  to  each  genus  of  falts. 

The  II,  III,  IV,  V,  VI,  VII,  VIII,  IX,  X, 
XI,  and  Xllth  have  for  their  fubjecl  the  ele- 
ven genera  of  falts  which  I  diftinguifli ;  name- 
ly, the  fulphates,  and  the  fulphites,  placed  in 
the  fecond  rank  as  dependants  of  the  fulphates ; 
the  nitrates,   and  the  nitrites,  coming  as  de- 
pendant on  the  nitrates ;  the  muriates,  the  ox- 
igenated  muriates,  the  phofphates,  the  phof- 
phites,  the  fluates,  the  borates  and  the  carbo- 
nates.    Each  of  thefe  articles  is  divided  into 
two  paragraphs :  the  fir  ft,  intended  to  explain 
the  generic  properties  or   the  hiftory  •of  the 
genus  ;  the  fecond,  having  for  its  obje6l  the 
particular  hiftory  of  all  the  fpecies  which  be- 
long to  that  genus.     In  the  firft,  I  treat  of  the 
chemical  properties  which  charaderize  without 
exception  all  the  fpecies  comprifed  in  the  ge- 
nus; in  the  fecond,  in  treating  each  feparate 
fpecies  in  the  order  of  its  attraftion  of  the  bafe 
for  the  acid,  I  conftantly  follow  the  fame  me- 
thod, and  I  confider,   under  the  eight  letters^ 
which  precede  the  under  titles,  A,  the  fynony- 
my  and  hiftory  of  the  fpecies  ;  B.  its  phyfical 
properties ;  C.  its  natural  hiftory  and  prepara- 
tion ;  D.  the  aftion  \yhich  it  experiences  on  the 
part  of  caloric ;  E.  on  that  of  water ;  F.  its  re- 
lations with  water;  G.  its  decompofition,  the 
agents  which  effe6t  it,  and  the  proportion  of  its 
principles ;  H.  laftly,  its  ufes.      Long  experi- 
cuce  has  proved  to  me  that  it  is  poflible  to  in- 
clude 
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elude  under  thefe  eight  divilions  every  thingf 
that  any  fpecies  of  faline  fubftance  prefents  of 
interefting  or  ufeful  to  be  knoAi^n*  By  the  af- 
fiftance  of  this  identical  proceeding,  I  haver 
needed  fewer  details  than  would  have  been  ne- 
ceflary  without  it,  to  defcribe  and  accurately 
ta  explain  the  hundred  and  thirty-four  fpecies 
of  falts  of  which  this  clafs  of  bodies  is  at  pre- 
fcnt  compofed. 

In  the  thirteenth  article,  I  have  prefented  a 
fiinimary  of  the  principal  properties  of  faline 
bodies  compared  with  each  other,  to  recapitu- 
late the  different  chara6lers  of  which  they  are 
lufceptible,  and  to  exhibit  an  whole  calculated 
to  leave  precife  ideas  refpecliiig  the  manner  of 
fiudying  their  properties.  Five  paragraphs 
which  fu<!ceflively  compofe  that  article  treat  of 
their  tafte,  their  cryftalline  form,  their  fufibi- 
lity  or  the  aftion  of  heat  on  them,  and  tjie  ac- 
tion of  air  and  of  water.  Then  pafs  fucceflive- 
ly  in  review  their  acridnefs;  bitternefs,  ftypti- 
city,  fweetnefs,  flatnefs,  coolnefs,  infipidity, 
earthy  tafte  ;  their  figures  cubical,  rhomboidal, 
octahedral,  prifmatic,  pyramidal;  their  aqut- 
ous  and  igneous  fufion,  calcination,  volatiliza* 
tion,  partial  or  total  decompofition ;  deliquef* 
cence,  efflorefcence,  change  or  unchangeable- 
nefs  by  the  conta6l  of  the  atmofpheric ;  laftly, 
the  different  modes  of  folubility  in  cold  and 
hot  water. 

The  fourteenth  article  affords  another  kind 
of  fummary,  prefenting  in  a  table,  the,  hundred 

and 


^RELIMIKARY     DISCOURSE.  113 

and  thirty-four  falts,  difpofed  according  to  the 
indicated  method,  and  diftinguiflied  from  each 
other  by  the  fpecific  chara6ters  belonging  ex- 
clufively  to  each  fpecies.  It  is  an  effay  of  the 
Linnaean  method,  applied  to  this  part  of  che- 
mical knowledge,  and  intended  to  reprefent, 
under  a  new  form,  a  rapid  expofition  of  the  fa- 
line  fpecies,  each  charaderized  by  an  exclufive 
property.  In  this  eflay,  I  have  adopted  the 
means  of  ftilL  prefenting  the  feries  of  falts,  con- 
cerning which  it  is  fo  important  to  acquire 
accurate  notions.  The  poffibility  of  diftinguifh- 
ing  the  numerous  fpecies  from  each  other  by  a 
fmgle  charafter,  is  here  feen,  while  their  gene- 
ric chara6ler  is  alfo  well  determined,  and  their 
difpofition  with  regard  to  the  ele6tive  attrac- 
tion of  the  bafes  is  equally  well  afcertained. 

With  the  fame  invariable  view  of  rendering 
the  hiftory  of  faline  fubftances  more  complete^ 
and  in  fome  refpeft  riiore  intire,  I  have  included 
in  the  fifteenth  article,  an  enumeration  of  the 
double  decompofitions  which  mutually  take 
place  between  the  hundred  and  thirty-four  fpe- 
cies of  thefe  fubftances.  This  enumeration, 
though  long  upon  the  whole,  is  highly  valuable 
in  its  details,  on  account  of  the  form  which  I 
nave  given  it,  and  fhews  that  the  number  of  well 
known  double  decompofitions  is  already  much 
more  confiderable  than  it  was  before  the  modem 
difcoveries.  I  do  indeed  comprehend  in  that 
lift  thofe  alfo  which  I  only  fufpe6l ;  but  fetting 
thefe  afide,  it  will  be  feen  that  there  are  ftill 
Vol.  I.  i     '  near 
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iiear  a  thoufand  which  are  determined. with  fuf* 
ficient  accuracy.  It  is  not  with  a  view  to  en- 
gage ftudents  to  commit  this  long  feries  of  che- 
mical fads  to  memory,  and  to  compel  them,  by 
an  ufelefs  fatigue,  to  retain  them,  that  I  of- 
fer this  enumeration,  of  which  no  chemical 
work  has  yet  prefented  the  like,  but  only 
that  thofe  who  wifh  to  penetrate  the  depths  of 
the  fcience,  and  to  contribute  to  its  improve- 
ment by  their  own  refearches,  may  be  able  to 
difcover  the  defefts,  or  to  determine  thefe 
faline  attraftions,  or  even  the  more  or  lefs  pro- 
bable fuppofition  of  their  exiftence.  In  order 
that  an  enumeration  of  this  kind  fhould  acquire 
that  certainty  to  which  I  fliould  have  greatly 
wilhed  to  carry  it,  many  more  experiments  are 
neceflary,  and  particularly  fuch  as  are  more 
accurate  than  have  yet  been  made  concerning 
them.  Further  refearches  will  gradually  cor- 
real their  defefts,  fupply  their  vacancies,  refi;i- 
fy  their  progrefs,  and  more  efpe^ially  afford 
the  means  of  generalizing  our  conceptions  of 
thefe  bodies;  an  ultimate  obje6l  which  it  was 
not  permitted  me  to  carry  into  effeft,  though  I 
have  been  well  aware  of  its  importance  and  have 
even  attempted  the  execution  by  exertions 
equally  laborious  and  unavailing. 

In  the  fixteenth  article  I  have  conftru6ted  a 
table  of  the  compofition  of  all  the  fpecies  of 
falts  and  of  the  proportion  of  the  principles 
which  form  them.  Though  the  enunciation  of 
their  compofition  conflituted  one  of  the  points 
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of  their  detailed  hiftory  in  the  preceding  arti- 
cles, where  it  is  pointed  out  with  a^ccuracy,  I 
have  thought  it  neceffary  to  re-trace  it  again, 
in  order  that  the  feveral  relative  quantities  or 
acids  and  of  bafes  united  in  thefe  compounds, 
might  be  comprifed,  and  certain  general  refults 
deduced  concerning  the  laws  and  the  points 
of  faturation.  But  I  have  liot  prefetited  thefe 
refults,  becaufe  I  know  that  the  proportions  are 
not  yet  without  fome  error ;  and  that  this  part 
of  the  fcience,  the  moft  difficult  of  all,  is  ftill 
fer  diftant  from  the  precifion  and  the  certainty 
to  which  it  will  hereafter  arrive,  notwithftanding 
the  ability,  the^  talent  and  the  accuracy  of  the 
modem  chemifts  who  have  begun  to  employ 
tbemfelves  upon  it.  Some  notion  may  be  form- 
ed of  this  from  the  diverfity  of  refults  which 
many  of  the  moft  celebrated  philofophers  among 
thofe,  who  have  laboured  on  this  fubjeft,  have 
obtained  in  their  analyfes.  This  table,  though 
imperfe6l,  will  neverthelefs  aiFord  great  advan- 
tages to  chemifts.  It  would  be  no  fmall  ad-^ 
vantage,  even  if  it  produced  no  other  than  that 
of  convincing  them  of  the  neceflity  of  new  re-^ 
fearches  concerning  this  great  objeft,  and  of 
bringing  the  methods  of  faline  analyfis  to  per- 
feftion,  w^hich,  in  many  refpefts,  are  ftill  in- 
cumbered with  difficulties  almoft  infurmount- 
able. 

The  feventeenth  article  is  a  recapitulation  of 
the  falts  which  exift  in  the  foffil  ftate,  and  of 
die  manner  in  which  they  have  been  clafled  in 

i  2  minera- 
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niineralogical  methods  or  fyftems.  I  have  ihewn 
that  with  regard  to  the  fmall  number  of  falte 
known  in  mineralogy,  it  is  not  neceffary  to 
eftablifli  any  divifions  or  claflifications  diffe- 
rent from  thofe  of  the  chemifts ;  that  thofe,  and 
in  particular  that  which  I  have  adopted,  intire- 
ly  anfwer  the  objeft  of  mineralogifts,  and  that 
therefore  it  is  quite  fuperfluous  to  adopt  the 
particular  denomination  of  acideferous  fub- 
ftances  to  defignate  thefe  natural  compounds. 
To  prove  this  affertion  I  compare  the  mineralo- 
gical  and  chemical  divifions,  and  make  various 
refledtions  to  explain  the  utility  of  the  combi- 
nation of  the  two  methods  in  one,  founded  on 
the  chemical  nature  of  natural  faline  fubftances. 
Beiides  which,  the  fucceffive  difcoveries  there 
is  reafon  to  expeft  from  the  chemifts  occupied 
in  the  examination  of  foffils,  will  neceffarily 
produce  that  union,  and  will  caufe  mineralogy 
to  be  confidered  fimply  as  a  branch  of  chemif- 
try,  as  I  have  already  diftinguiflied  it  under  the 
name  of  mineral  or  minernlogical  chemijiry. 

Laftly,  in  the  eighteenth  and  laft  article  of 
the  fifth  feftion,  I  treat  of  the  falts  which  are 
found  in  folution  in  earthy  waters,  and  confe- 
quently  of  the  analyfis  of  mineral  waters.  This 
has  always  been  confidered  as  one  of  the  moft 
difficult-parts  of  chemiftry,  as  well  on  account 
of  the  fmall  quantity  of  the  feveral  fubftances 
diffolved,  as  on  account  of  the  number  of 
the  falts  which  exift  at  the  fame  time  in  thefe 
M^aters,  and  produce  complicated  effefts  by  mu- 
tual 
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tual  re-a6i;ion,  or  by  their  operation  with  the 
different  re-agents.  I  have  therefore  fpared  nf 
pains  to  give  to  this  article,  however  concife, 
a  degree  of  perfpicuity  which  muft  conftitute 
its  principal  merit :  I  have  made  a  fummary 
of  the  greater  number  of  the  fads  contained 
in  the  preceding  part  of  my  work :  I  have  di- 
vided it  into  a  number  of  paragraphs  which 
begin  with  the  hiftory  of  this  kind  of  analyfis, 
and  conclude  with  the  preparation  of  artificial 
mineral  waters,  or  the  imitation  of  thofe  which 
nature  prefents  to  man.  It  was  even  neccffary 
that  I  ihould  treat  of  the  prefence  of  certain 
metallic  compounds,  though  the  properties  of 
thefe  belong  in  ftri^lnefs  to  the  following  fec- 
tion;  but  I  have  done  this  in  a  very  concife 
manner. 

It  muft  be  feen,  from  this  expofition,  how 
tnuch  more  extenfive  and  accurate  the  hiftory 
of  faline  matters  is Jiere  given  than  it  has  been 
ftated  in  any  other  work  t)f  chemiftry,  and 
more  particularly  that  the  method  adopted  in 
this  fe6l;ion  is  very  different  from  what  has  hi- 
therto been  folio  wed^v 

Since  the  imprefllBn,  two  difcoveries  of  great 
importance  have  been  made  in  the  hiftory  of  the 
fubftances  of  that  order.  One  relates  to  the 
exiftence  of  a  tluate  of  alumine  in  nature.  M, 
Abildgaard,  of  Copenhagen,  has  fent  to  Citizen 
Vauquelin,  among  other  fbffils,  a  pretended 
ftone  of  Greenland,  which  he  has  difcpvered  by 
analyfis  to  be  a  combination  of  fluoric  acid  and 

alumine* 
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^lumiiie.  Citizen  Vauquelin  has  confirmed  that 
j^ifcovery  by  a  new  examination  of  that  fof- 
fil. 

The  other  difcovery  has  for  its  object  a  com-" 
pound  fait  of  fulphate  of  foda  and  of  hidro- 
fulphuret  with  the  fame  bafe,  that  is  to  fay,  a 
true  Jxidro-fulphurated  fulphite  of  foda,  pro- 
duced by  the  decompofitioTi  of  fulphate  of  fod^ 
t)y  charcoal,  made  on  a  large  fcale  in  a  manu-» 
^aftory  near  Paris,  for  obtaining  foda.  Citi- 
zen Chauffier,  who  has'  employed  this  com- 
pound with  fuccefs  in  many  difeafes  of  the 
lymph,  fuppofed  it  to  be  a  fimple  hi'dro-fiilphu- 
yet  of  foda.  But  Citizens  Vauquelin  and  The- 
nars, who  have  examined  it  with  great  care, 
have  found  it  to  contain  fulphureous  acid,  fo-^ 
da,  fuiphurated  hidrogen,  and  they  have  befides 
obtained  a  fait  intirely  fimilar  in  its  form,  its 
tafte,  its  folubility,  and  all  its  other  properties,' 
by  mixing  a  folution  of  hidro-fulphuret  of  foda, 
with  a  folution  of  fulphite  of  foda.  At  the 
very  moment  of  the  union  of  thefe  two  liquids, 
the  firft,  which  is  of  a  deep  yellow  colour,  be- 
comes immediately  colourlefs. 

The  firft  of  thefe  difcoveries  confirms  what 
I  have  long  ago  announced,  that  in  proportion 
as  foffils  are  examined,  all  the  falts  which  art 
can  fabricate  will  be  found  ;  and  the  fecond 
may  lead  us  to  the  knowledge  of  new  com- 
pounds, by  Ihewing  the  intimate  union  of  an 
alkaline  hidro-fulphuret  with  a  fait  of  the  fame 
jbafe. 

NOTICE 
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NOTICE  OF  THE  SIXTH  SECTION. 
Concerning  the  Metals. 

I  HAVE  already  remarked,  on  various  oc- 
cafions,   that  the  metals,  though  comprifed  on 
account  of  their  fimple  and  undecompofed  na- 
ture in  the  firft  clafs  of  bodies,  and  confequent- 
ly  in  the  fecond  feclion  of  this  work,  prefent 
neverthelefs  fo  many  important  properties,  and 
have  fo  much  influence  on  the  theory  and  the 
praftice  of  the  fcience,  as  well  as  on  thofe  of 
the  arts,  that  it  is  neceflary  to  ftudy  them  with 
much  care,  and  to  give  to  their  hiftory  all  the 
extent  and  fulnefs  of  which  they  may  be  fuf- 
ceptible.     Accordingly  they  have  been  only  in- 
dicated in  the  feclion  of  undecompofed  bodies, 
to  compare  them  with  hidrogen,  carbon,  phof- 
phorus  and  fulphur :  and  I  have  obferved  that 
their  properties  could  not   fee   defcribed    but 
fubfequent  to  thofe  of  the  acids,  of  the  bafes 
and  of  the  falts  which  ferve  to  explain  them. 
For  this  reafon,  this  fixth  feftion  of  my  work 
is  devoted  to  them  in  particular.     The  multi- 
plied forms  which  thefe  bodies  have  received 
from  nature,  the  numerous  combinations  which 
art  has  learned  to  give  to  them,  the  almoft  in- 
finite ufes  to  which  human  indufiry  has  ap- 
plied them,  moft  of  which  are  direAed  by  the 
efforts  of  the  chemifts,  render  this  part  of  my 

chemical 
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chemical  fyftem  one  of  the  richeft  in  facls,  in 
refults,  and  one  of  the  moft  extenfive  in  its  de- 
tails. It  is  neceliarv  to  add  to  thefe  firft  confi- 
derations,  that  the  hiftory  of  the  metals  perpetu- 
ally exhibits  them  as  having  a  great  influence 
on  all  the  difcoveries  of  chemiftry  ;  that  in  all 
the  revolutions  of  the  fcience,  they  afford  fa6is  of 
the  greateft  importance  ;  that  they  are  in  fome 
inftances  applied  as  inftruments,  in  others  as 
new  produ6ls  to  all  the  periods  of  the  advance- 
ment of  human  knowledge;  that  from  their 
conftant  influence  on  the  progrefs  of  reafon, 
they  occupy  a  diftinguiflied  place  in  the  annals 
of  natural  philofophy ;  and  that  thus,  in  every 
-  refpe6l,  there  is  no  produftion  in  nature  which 
deferves  more  profound  attention,  more  con- 
ftant ftudy,  or  more  exa6l  defcription  than  the 
metals. 

The  whole  of  the  fixth  fe6tion,  which  treats 
of  metals  in  particular,  is  divided  into  twenty- 
two  articles  :  the  firft  including  generalities 
concerning  thefe  bodies,  and  the  twenty-one 
following,  comprehending  the  particular  hifto- 
ry of  each  of  the  metallic  fubftances,  of  which 
the  fpecics  known  at  prefent  amount  in  effe6l  to 
that  number. 

To  give  a  proper  account  of  thefe  combufti-» 
ble  bodies,  I  have  thought  it  neceffary  to  ex* 
plain  firft  the  bafes  and  the  principles  of  the 
charafters  which  difthiguiili  them  from  other 
bodies,  and  the  various  proceli'es  by  which  che- 
mifts  have  difcovered  them.     I  have  been  de-^ 

firous 
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firous  of  treating  thefe  generalities  fo  fully  as  to 
leave  nothing  obfcure  or  uncertain,  in  order  to 
comprife  whatever  is  known  concerning  the  dif- 
ferent ftates,  and  the  different  conipofitions  of 
which  the  metals  are  fufceptible.  With  this 
intention,  I  have  divided  the  firft  article  into 
twelve  paragraphs. 

The  firft  paragraph  treats  of  their  importance 
and  of  their  literary  hiftory. 

The  fecond,   of  tlie  number  and  the  claf- 
(ification  of  the  metals.     I  here  divide  them 
into   five   genera,   according  to  their  various 
du6lility  and  oxidability  :  the  firft  genus  com- 
prehends brittle  and  acidifiable  metals ;  namely, 
arfenic,   tungften,    molybdena,    and    chrome; 
the  fecond,  the  brittle  and  merely  oxidable  me- 
tals, to  the  number  of  eight  fpecies,  titanium, 
uranium,  cobalt,  nickel,  manganpfe,   bifmnth, 
antimony,  and  tellurium ;  the  third,   the  femi- 
du6i;ile  metals,  mercury  and  zinc ;  the  fourth, 
the  duftile  and  eafily  oxidable  metals,  tin,  lead, 
iron,  and  copper ;  and  laftly,  the  fifth  genus,  the 
very  ductile  and  difiicultly  oxidable  metals,  in 
jiumber  three,  filver,  gold,  and  platina.     Before 
I  explain  my  new  divifion,  I  fliow  the  errors  of 
the  ancient  methods  which  divided  them  into 
femi-metals,     imperfed    metals,     and    perfe6l 
metals. 

The  third  paragraph  of  the  firft  article  con- 
tains a  general  examination  of  the  phyfical 
properties   of  metals.      They  are  fucceffively' 
compared  with  each  other,  1ft,  as  to  brilliancy,' 

2d,  CO- 
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2d,  colour,  Sd,  denfity  or  weight,  4th,'  hard- 
nefs,  5th, .  elaflicity,  7th,  tenacity,  :8th,  con- 
duclibility  of  caloric,  9th,  dilatabiljty,  KJth, . 
fufibility,  1 1th,  volatility,  1 2th,  cryftalliza- 
hility,  13th,  ele6lricity,  Mth,  odour,;  15th, 
laftly,  tafte.  In  the  examination  of  each  of 
thefe  properties,  I  have  taken  particular  care  to . 
prefent  the  order  in  which  the  metals  may  be 
difpofed  relatively  to  the  degree  or  intenfity^of 
each  of  each  property.  . .    "^ 

In  :the  fourth  paragraph,  I  treat  of  the  na* 
tural  hiftory  of  the  metals ;  I  indicate  the  five 
iiates  in  which  they  are  found  in  the  interior  of 
the  globe ;  namely,  1ft,  that  of  native  metaU  ; 
2d,  that  of  alloys  or  of  feveral  metals  united  in 
the  metallic  ftate ;  3d,  the  fulphurepus  ores,  qt 
compounds  of  metals  and  of  combuftible  bo- 
dies; 4th,  the  oxides  of  metals.;  5th,  the  me- 
tallic fal.ts,  or  combinations  of  their  oxides  with 
feveral  acids.  I  enlarge  on  mineralisation  and 
the  different  mineralizers. 

The  fifth  paragraph  treats  of  the  art  of  aflay-i 
ing  the  ores,  or  of  docimafy  in  general.  As  this 
objeci;  comes  in  detail  under  the  hiftory  of  each 
metal,  I  have  given  only  certaiu  generalities 
or  the  moft  important  facts  in  this  art  which  is 
entirely  chemical.  I  there,  however,  indicate 
the  difference  which  exifts  between  the  ordinary 
or  common  affay  of  the  miner  whofe  only  aim 
is  to  difcover  the  metal  which  may  be  obtained 
from  an  ore,  and  the  facility  or  the  difficulty  with 
which  its  extradlion  is  accompanied  j  from  the 

docimaftic 
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docimaftic  analyfis  of  the  chemifts,  who,  hav-  . 
ing  for  their  objeft  to  determine  the  nature  and 
the  proportion  of  different  nnneralizers,  the  pro- 
portion and  the  ftate  of  the  mineralized  metals, 
demands  a  great  number  of  fafts,  many  re* 
fources,  and  great  ability  in  thofe  who  ftudy 
them.  The  moderns  have  greatly  improved 
this  branch  of  the  art. 

The  fixth  paragraph  confiders  the  feme  ge- 
neralities, relatively  to  metallurgy  or  working 
of  ores  in  the  large  way  for  their  extraction  from 
the  earth,  forting,  (lamping,  waihing,  roafting, 
fufing,  and  refining  the  metals.  I  give  only  the 
moft  general  principles  of  tlie  art  of  treating 
the  ores ;  which  is  treated  yather  more  fully 
under  the  article  of  each  of  the  metals. 

The  feventh  paragraph  commences  the  ex* 
amination  of  their  chemical  properties  in  the 
oxidability  or  combuftibility  of  the  metak  by 
the  contaft  of  the  air.  I  there  announce  the 
rapid  inflammability  of  fome  of  them,  the  flow 
deftrudion  of  others,  the  diifferent  phenomena 
they  exhibit  during  oxidation,  the  different 
kinds  of  oxidation  they  are  capable  of  under- 
going, the  various  temperatures  at  which  they 
hurn,  their  oxides  differing  by  their  fl:ate  and 
by  the  proportion  of  oxigen  which  they  con- 
tain, the  attraction  which  that  principle  exercifes 
on  the  metals,  and  the  charaflers  which  ferve 
to  diftinguifli>the  different  oxides  of  the.  metalsi 
pr  the  different  oxides  of  the  fame  metal* 

•       'la 
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The  fecond  article,^  including  the  chemi< 
examination  of  arfenic  and  its  acids,   is 
vided  into  two  paragraphs,  becaufe  that  bi 
tie  and  very  combuftible  metal  comes  under 
obfervation   in  its   three  forms  of   metal, 
arlenious  acid,  and  of  arfenic  acid  ;— ftates 
varied  that  it  is  of  importance  tp  know  th( 
In  the  ftate  of  metal  I  confider  fucceffively, 
its  hiftory ;   B.  its  phyfical  properties ;    C. 
natural  hiftory;  D.  the  docimaftic  and  m< 
lurgic  operations  to  which  it  is  fubmitted; 
its  oxidability  by  the  air;    F.  its   union  wi 
combuftible  bodies  ;  G.  its  aftion  on  water, 
on  the  oxides ;  H.  its  a6lion  on  the  acids,  amrjd 
their  adion  upon  it :  I.  the  effefts  which  it  /i 
fubjeci  to  on  the  part  of  the  bafes  and  of  the 
falts ;  laftly,  K.  its  ufes.     Thefe  ten  under-titles 
comprehend  all  the  chemical  fa6ts  which  can  be 
difcovered  refpe6ling  this  metal. 

In  the  fecond  paragraph,  are  treated  the  two 
acids  which  arfenic  forms  in  its  two  laft  ilates 
of  combuftion. .  I  call  that  the  arfenious  acid 
which  Avas  formerly  called  oxide  of  arfenic,  be- 
caufe this  pretended  oxide  prefents  in  effedl  all 
the  properties  of  the  A\^eak  acids ;  it  converts 
tunifole  to  a  red  ;  it  has  a  very  ftrong  acrid 
tafte ;  it  is  foluble  in  Avater ;  it  unites  with  the 
alkalis ;  it  decompofes  the  fulphurets ;  in  a 
word,  it  is  to  the  arfenic  acid  what  the  fulphure* 
ous  is  to  the  fulphuric,  &c. . 

The  third,  fourth,  and  fifth  articles  prefent^ 
Under  the  fame  divifions  into  two  paragraphs;^ 

the 
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the  tungftenous  and  the  tungftic  acid,  the  mo- 
lybdenous  and  the  molybdic  acid,  the  ehromous 
and  the  chromic  acid.  I  have  iniifted  with  re- 
gard to  the  firft  on  the  attra6lion  of  its  oxide  to 
the  colouring  matters ;  in  the  fecond,  on  its  re- 
femblances  and  its  differences  compared  with  the 
carburet  of  iron,  and,  in  the  third,  on  the  diffe- 
rent ftates  in  M^hich  it  has  hitherto  been  found 
in  nature,  on  the  difcoveries  which  have  origi- 
nated from  thenewand  interefting  acidifiableme- 
tal  for  which  we  are  indebted  to  the  refearches  of 
Citizen  VauqueUn,  in  Frimaireof  the  fixth  year 
(December  1797).  The  name  of  this  laft  body, 
derived  from  its  colouring  property,  announces 
what  the  arts  may  one  day  hope  from  its  ufe. 
Though  thefe  three  metals  are  not  fo  well  known 
asarfenic  and  the  gi^ater  part  of  the  feventeen 
following,  I  have  conftantly  proceeded  in  their 
hiftoiy,  according  to  the  ten  under  titles  which 
^ere  ufed  for  arfenic. 

I  have  followed  the  fame  method  precifely 
^xi  the  feventeen  articles  which  follow  the 
fifth.  I  have  always  regulated  their  examina- 
tion by  the  fame  ten  under-titles,  in  order  that 
*he  hiftory  of  all  thefe  metals  might  be  fubjecl- 
^d  to  one  method,  and  be  comparable  in  every 
Point  I  fliall,  therefore,  confine  myfelf  in  thi^ 
place  to  give  an  account  of  the  work  which  re- 
lates to  them,  and  to  announce  each  of  thelc 
Petals,  in  the  order  of  their  fucceffive  defcrip-- 

Tit^tuuoi^ 
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Titanium,  the  obje6l  of  the  fixth  article,  is  Z 

brittle  metal  very  new  to  chemifts.     It  was  dif- 
covered  in  the  3d  year  (1795)  by  M.  Klaproth 

of  Berlin,  and  exifts  in  fufficient  abundance  in 
France,  particularly  at  St.  Yrieix,  in  the  depart- 
ment of  .Haute- Vienne,  under  the  form  of  what 
is  named  red  fchorl,  or  its  oxide ;  it  is  confi- , 
dered  as  to  its  docimaftic  reduftion,  its  various 
combinations,  whether  in  the  metallic  ftate, 
which  is  difficult  to  obtain  on  account  of  its 
difficult  fiifibility,  in  the  ftate  of  oxide,  or  in 
that  of  carbonate,  with  combuftible  bodies,  wa- 
ter and  the  oxides,  the  acids,  the  bafes,  and  the 
falts.  The  very  long  details  which  concern  it^ 
relate  to  its  faline  compounds,  to  its  oxida- 
tion which  takes  place  in  a  great  number  of 
cafes,  and  to  its  ufes  for  porcelain,  enamels, 
&c. 

Uranium,  the  fubjed  of  the  feventh  article^ 
another  difcovery  of  M.  Klaproth,  made  in 
1789,  is  little  known,  and  fcarcely  can  be  faid 
to  exift  in  France,  becaufe  it  is  but  lately  that 
it  was  found  in  that  Republic,  near  Autun,  by 
Citizen  Cham  peaux,  engineer  of  mines.  It 
has  demanded  very  long  details  concerning  its 
hiftory,  its  different  ftates  in  nature,  and  its  dif- 
ferent properties  which  have  been  difcovered  in 
Germany,  where  only  it  has  hitherto  been  ex- 
amined. It  is  almoft  entirely  tinknown  under 
the  metallic  fonn,  becaufe  extremely  difficult 
to  obtain.;  it  has  fcarcely  been  treated  but  un- 
der the  form  of  oxide ;  its  ufes  are  yet  un- 
known, 
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known,  becaufe  it  is  excefllively  rare,  and,  as  it 
ihould  feem,  -not  very  abundant.  It  appears 
capable  of  forming  a  brilliant  orange-colour 
glaze  for  porcelain. 

Cobalt,  defcribed  in  the  eighth  article,  of 
which  the  greater  number  of  chemifts  at  prefent 
acknowledge  the  exiftence  as  a  particular  metal, 
is  treated  much  more  at  large  than  the  two  pre- 
ceding, becaufe  it  has  been  much  longer 
known,  and  becaufe  it  has  been  the  fubje6l  of 
a  very  great  number  of  refearchcs.  I  have 
more  efpecially  infiftcd  on  its  differences  from 
the  other  brittle  metals,  on  the  art  of  purifying 
it,  on  its  true  ores,  its  combinations  with  the 
acids,  the  blue  colour  which  its  oxide  commu* 
nicates  to  vitrifications,  and  on  its  ufes  as  a 
fixed  colouring  principle  in  the  arts. 

A  new  experimental  refearch,  undertaken  in 
the  laboratory  of  the  School  of  Mines,  upon 
the  ores  of  cobalt,  and  on  its  purification,  and 
terminated  fince  the  impreflion  of  the  article  of 
my  work  relative  to  that  metal,  permits  me  to 
add  feveral  fafts  in  the  place  which  could  not 
poffibly  form  a  part  of  that  article. 

The  beft  method  of  obtaining  cobalt  pure 
from  its  ores  confifl:s  in  the  following  proceffes : 
1ft,  in  calcining  them  for  a  long  time,  adding 
every  quarter  of  an  hour  fome  powder  of  char- 
coal, or  oil,  to  favour  the  evaporation  of  the 
arfenic ;  2d,  in  diflblving  them  in  nitric  acid, 
evaporating  to  drynefs,  and  re-diflblving  them  in 
water ;  3d,  in  precipitating  by  pure  potafli,  and 
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caufing  the  depofition  to  boil  with  a  ley  of  the 
fame  alkali ;  4th,  in  waihing  the  depofition. 
well,  diffolving  it  in  acetous  acidy  and  evapo- 
rating it  feveral  times  to  drynefs ;  5th,  in  re- 
diffolving  it  in  water,  precipitating  it  by  am* 
monia,  fi Iter mg  and  taking  up  the  depofition 
by  the 'fame  volatile  alkali ;  6th,  laftty^  in  eva- 
porating thi»  ammoniacal  folution  to  drynefs^ 
and  flightly  calcining  it  to  feparate  all  the  am- 
monia. A  reddifh  brown  oxide  is  thus  obtained^ 
which,  fufed  by  the  heat  of  a  forge  with  a 
mixture  of  black  flux,  of  borax,  and  a  little 
oil,  reduced  into  a  paile,  affords  cabalt  very 
purc^  and  in  which  no  re-agent  can  fliow  any 
Vieflige  of  iron. 

Cobalt  thus  purified  has  a  flightly-red  co- 
lour; it  is  fometimes  lamellated,  frequently 
granulated,  and  fomethnes  fibrous  j  its  fpecific 
gravity  rri  7.700.  It  is  attracted  by  the  mag- 
net, though  it  does-  not  prefent.  any  perceptible 
indication  of  ironr  Its  fufibility  approaches 
that  of  crude  iron.  It  does  not  oxide  in  the 
air;  at  a  high  temperature,  it  burns  with  a  red 
flame,  and  leaves  a  black  oxide.  This  oxide 
gives  a  very  intenfe  blue  colour  to  fifty  parts  of 
glafs.  All  the  falts  of  cobalt  are  precipitated 
of  a  rofe  colour  by  the  alkalis,  an  excefs  of 
which  gives  a  blue  colour  to  the  depofition. 
Ammonia,  in  diffolving  the  oxide  of  cobalt^ 
affumes  the  red  colour  of  wine.  Cobalt  pre- 
cipitates copper  and  nickel  from  their  folutioiu 
in  the  metallic  flate* 

Nickel^ 
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Nickel,  the  fiibjeft  of  the  ninth  article,  likie 

cobalt  is  treated  at  confiderable  length,  after 

;^be  experiments  to  which  Bergmann  fubmitted 

it  in  1775.     Very  little  has  been  added  fince 

that  excellent  work.     I  have  omitted  none  of 

the  peculiar  properties  which  have  been  ac- 

l^owledged  to  belong  to  nickel.     They  prove 

■that,  notwithftanding  the  opinion  of  many  mi- 

neralogifts  who  cqnfider  it  as  a  limple  mixture, 

.this  metal  is  very  diftinft  and  well  chara6lerized 

as  a  particular  fubftance.     The  fame  refult  has 

alfo  been  obtained  by  the  laft  refearches  made 

in  the  laboratory  of  the  School  of  Mines,  fince 

^the  impreflion  of  the  prefent  article.   Thefe  new 

experiments  have  difcovered  or  confirmed  the 

following  truths. 

Kupfernickel  is  a  compound  of  arfenic  and 
'of  nickel.  Iron,  cobalt,  and  copper  are  only 
accidentally  prefent  The  fmall  quantity  of  ful- 
phi^r  which  it  contains  is  united  with  iron  in  the 
'ftate  of  pyrites.  Tlie  green  efflorefcence  of  thiii 
ore  is  the  arfeniate  of  nickel 

To  ex  trad  the  metal,  it  is  roafted  with  the 
.addition  of  charcoal.  The  roafl:ed  ore  is  theji 
diffolved  in  nitric  acid;  if  it  contains  copper, 
•  this  is  precipitated  by  iron ;  the  folution  is  then 
.evs^rated  to  drynefs,  diffolved  in  water,  and 
.precipitated  by  pure  pota)(h,  which  is  made  to 
jboil  on  the  depofition ;  the  precipitate,  is  filtered 
and  well  waflied ;  th^n  re-diffolved .  in  acetaifs 
j^icid ; .  evap-orated  to  drynefs  by  .a  mild  beat ; 

kg  the 
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the  acetite  is  again  diflblved ;  precipitated  by  . 
aniiTionia  in  excefs,  which  diflblves  the  oxides 
of  nickel  and  of  cobalt ;  the  folution  is  evapa- 
tated  which  depofits  the  oxide  of  Cobalt  in  red 
powder;  the  liquor,  containing  only  nickel, 
becomes  blue ;  it  was  before  purple  by  the  pre- 
feilce  of  cobalt.  By  evaporating  it  to  drynefs, 
an  oxide  of  nfckel  of  the  green  colour  of  the 
leek  is  obtained,  Avhich  gives  to  borax  tH^ 
red  colour  of  the  hyacinth  without  any  mixture 
of  blue.  A  pafte  is  made  with  oil  and  this  ox- 
ide, to  which  two  or  three  parts  of  black  flux  is 
added ;  this  is  placed  in  a  crucible,  covered 
with  borax  and  marine  fait ;  it  is  heated  in  a 
good  forge-fire  during  an  hour  and  a  half:  the 
nickel  is  obtained  free  from  cobalt  and  iron. 

The  metal  thus  prepared  is  nearly  as  white  as  . 
fdver,  and  leaves  on  the  touchftone  a  trace  fimi- 
lar  to  that  of  that  metal ;  its  fpecific  gravity  is 
9,000.  Its  denfity  refembles  that  of  foft  iron, 
'though  it  may  eafily  be  cut  with  a  knife.  It 
may  be  flattened  under  the  hammer,  it  is  la- 
minated without  heat  more  eafily  than  iron ;  it 
cannot  be  annealed  without  burning  and  break- 
ing it ;  it  becomes  covered  during  annealing 
with  a  greenifli  yellow  ponder  ;  if  too  ftrong- 
ly, heated  by  annealing,  its  grain,  is  of  a  pur- 
ple violet.  It  is  fl^^rongly  attrafted  by  the  mag- 
net, and  capable  of  receiving  magnetifm  like 
iron.  A  needle  of  this  metal,  touched  by  the 
ordinary  procefles,  aiTumes  the  north  and  fouth 

direftion, 
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direftion,  when  fufpendcd  by  a,  thread  of  filk. 
It  has  been  propofed  on  this  account  to  be  ufed 
in  fea  compafles- 

Iron,  zinc,  tin,  manganefe,  and  cobalt  itfelf, 
precipitate  nickel  from  its  folutions  in  the  me*^ 
tallic  ftate.  The  alkalis  feparate  a  grecnifli 
oxide ;  the  gall  nut  precipitates  it  of  a  grecn- 
ifli white ;  the  pruffiates,  of  a  greenifli  grey,  and 
the  hydro-fulphurets  of  a  deep  black. 

Manganefe,  the  fubje6l  of  the  tenth  article, 
is  too  important,  principally  fince  the  inge- 
nious application  of  the  difcoverics  of  Scheele 
concerning  that  metal  to  the  pneumatic  doc- 
trine, for  me  to  fail  in  giving  to  its  hiftory  all 
the  extent  which  it  merits.  The  reader  will  fee 
in  this  article,  which  is  one  of  the  longeft 
of  thofe  confecrated  to  the  brittle  and  fimply 
oxidable  metajs,  befides  feveral  fads  of  my 
ovn,  concerning  the  oxidability  of  this  metal, 
that  its  combuftibility  among  metals  equals  that 
of  phofphorus  among  non*raetallic  combufti- 
bles>  that  the  redu6lion  of  its  oxides,  its  diiferent 
degrees  of  oxidation,  how  much  the  a6lual  ftate 
of  fcience  in  France,  and  the  order  which  have 
followed  in  confequence  of  this  advanced  ftate, 
throw  light  on  the  fum  and  arrangement  of 
the  properties  of  this  body,  which  ^vas  almoft 
entirely  unknown  twenty-five  years  ago,  and 
is  become,  at  prefent,  one  of  the  moft  remarka- 
ble inftrunoents  of  the  chemift,  and  on^  of  the 
©oft  important  re-agents  in  feveral  of  the  arts, 

Bifmuth, 


t34  FRErnvriNARY    DISCOURSl!. 


v 


Bifmuth,  treated  in  the  eleventh  article,  and 
well  known  F6r  more  than  a  century,  becaufe 
it  is  long  fince  its  particular  ufes  have  diftin- 
guiflied  it  from  all  other  metallic  fubftahces, 
has  fcarcely  any  thing  more  in  its  hiftory  than 
I  have  already  mentioned  in  my  Elements  of 
Chemiftry,  except  the  different  order  in  which 
I  have  confidered  its  properties,  the  much  more 
extenfive  accounts  of  moft  of  them,  and  par- 
ticularly the  clearnefs  which  the  pneumatic 
do6lrine  and  the  method  which  it  has  diftated 
tome  has  given  to  thefe  combuftible  bodies. 

Antimony,  the  twelfth  article,  a  metal  ftiidied 
for  feveral  ages,  with  indefatigable  ardour,  by 
the  alchemifts,  who  have  always 'confidered  it  as 
one  of  their  moft  precious  re-agents ;  by  the 
pharmacologifts  who,  in  the  midft  of  their  ridi- 
culous pretenfions  concerning  the  medicinal  al- 
kahefts  and  the  panacea,  have  difcovered  feveral 
very  ufeful  medicines,  muft  be  examined  with 
particular  care,  on  account  of  the  numerous 
combinations  to  which  it  gives  birth.  Accord- 
ingly its  article  is  much  more  extended  than 
thofe  of  the  other  brittle  unacidifiable  metals ; 
it  is  in  a  manner  twice  a§.  extenfive,  becaufe  it 
is  required  to  indicate  not  only  the  faline  com- 
pounds formed  by  the  metal,  but  alfo  the  com- 
pounds of  its  fulphurct,  much  more  frequently 
employed  than  the  metal  itfelf  in  the  pharma- 
ceutic and  ufual  preparations.  We  were  for- 
merly loft  in  the  labyrinth  of  incoherent  and 
inexplicable  fafts,  Avhich  compofed  its  chemical 

or 
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or  rather  pharmaceutic  hiftory.  One  of  the 
nioft  ftriking  reftilts  of  the  great  advantages  of 
the  pneumatic  do6lrine,  is  the  illumination  of 
all  the  phenomena  which  formerly  oflered 
thedeepeft  and  moft  inexplicable  obfcurities ; 
—the  explanation  and  union  of  all  the  other 
fafts.which,  (n  the  ancient  chemiftiy,  had  nei- 
ther relation  among  themfelves,  nor  even  any 
apparent  connexion:  fuch  was  the  chemical 
hiftory  of  antimony.  The  fimplicity  and  clear- 
ntk  of  the  preient  chemiftry  has  permitted  me 
to  give  to  this  hiftory  what  was  wanting  to  it 
a  few  years  ago.  The  recent  difcoverfes  of 
Citizen  ^crthollet  concerning  hidro-fulphurets, 
and  of  Citizen  Thenars,  concerning  the  diffe- 
rent ftates  of  the  oxidation  of  antimony  ;  dif- 
coveries  of  which  I  have  made  an  almoft  coa- 
tinual  ufe  in  the  compofition  of  this  article, 
have  greatly  contributed  to  give  clearnefs  and 
order  to  all  the  articles  appropriated  to  the 
metals  in  particular. 

Tellurium,  the  thirteenth  article,  a  brittle 
metal,  confounded  at  firft  with  antimony,  dif- 
covered  as  a  particular  metal,  about  two  years 
ago,  by  M.  Klaproth,  in  certain  ores  of  gold  of 
Tranfyhrania,  fo  remarkable  for  it's  extreme  fu- 
fibility,  its  volatility,  which  almoft  equals  that 
of  mercury,  its  oxide  of  a  yellow  ftraw  colour, 
very  fufible,  very  cryftallizable,  very  reducible, 
very  foUible  in  the  alkalis,  deftined  to  occupy 
tiie  middle  place  in  chemical  arrangement  be- 
^een  antimony  and    mercury,   has  been  de- 

fcribed 
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fcribed  Qnly  after  the  experiments  of  the  chc- 
mift  of  Berlin,  becaufe  none  but  him  has  yet 
been  occupied  on  this  new  metal,  of  which  the 
ores  are  very  fcarce.  They  have  not  yet  been 
found  except  in  Tranfylvania. 

Mercury,  the  fubje6i;  of  the  fourteenth  arti- 
cle, is  of  fuch  importance  in  all  its  properties ; 
the  numerous  difcoveries  which  relate  to  it  are 
conibined  fo  direftly  Avith  all  the  truths  of 
chemiftry,  as  well  as  with  the  greater  part  of 
human  knowledge,  that  I  have  thought  it  ne- 
ceffary  to  give  all  the  fcope  to  its  hiftory,  of 
which  it  is  fufceptible.  By  including  in  a  cer- 
tain degree  in  the  aggregate  of  its  properties, 
all  the  fads  calculated  to  exhibit  the  founda- 
tions of  the  moft  important  theories  of  the  fci- 
ence,  I  have  prefented  it  as  one  of  the  bodies 
jpoffeffing  the  greateft  influence  on  the  progrefs 
of  chemiftry,  and  natural  philofophyin  general, 
and  I  have,  for  that  reafon,  been  led  into  very 
great  details  concerning  this  metal.  Hence  its 
article  is  one  of  the  longeft  of  thofe  which  re-- 
late  to  metjallic  fubflances. 

I  have  fliown,  in  the  firft  under-title,  A,  ho^^^ 
much  chemifts  have  been  employed  upon  it  £:■ 
all  times,  and  to  how  many  difcoveries  it  h 
given  birth. 

I  explain,  in  the  fecond,  B,  all  its  phyfic 
properties,  its  brilliant  luftre,  its  divifibility  i 
to  globules^  its  dry  fluidity,  its  condenfabilit:-^^ 
its  folidification  by  cold,  its  congelation  arm  ^ 
cryitalli^ation  effeSed  by  different  cooling  prc^- 
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ceffes  fiuce  1759  to  our  time;  its  flight  du6ti- 
lity  in  the  fohd  ftate>  its  dilatability  oy  calo- 
ric, its  vaporofity  and  volatility,  its  property  of 
conducing  eleftricity  and  caloric,  its  luminous 
and  ele6tric  quality,  its  odour  and  its  tafte,  I 
have  been  careful  to  afcend  to  the  fource  of 
each  of  the  difcoveries  which  concern  its  pro- 
perties. 

The  third  under-title,  C,  relates  to  the  diffe- 
rent ftates  of  mercury  in  the  interior  of  the 
globe.  I  have  reduced  them  to  four ;  namely, 
native  mercury,  amalgamated  mercury,  red  ful- 
phurated  oxide  of  mercury,  and  the  muriate  of 
mercury.  I  have  indicated  the  varieties  of  each 
of  thefe  jftates,  the  only  ones  which  nature  pre- 
fents  of  this  metal. 

'  In  the  fourth  under-title,  D,  I  have  com- 
prifed  the  docimafy  and  the  metallurgy  of  mer- 
cury. The  firft  prefents  the  principal  affays  in 
the  dry  and  the  humid  ways,  which  it  has 
been  ufual  to  make,  to  difcover  its  ores,  as 
'Well  as  thofe  which  have  been  employed  to 
cftimate  its  purity  ;  the  fecond  contains  an  out- 
line of  the  proceffes  which  have  been  praclifed 
ha  different  countries  to  extra^  the  mercury 
from  minerals  Avhich  contain  it. 

lu  the  fifth,  E,  I  confider  the  oxidability  of 
mercury  by  the  air;  I  there  trace  the  courfe 
which  chemifts  have  followed  to  obtain  it,  from 
the  time  when  they  have  thought  it  impofliblei 
to  that  in  which  they  difcovered  how  it  takes 
place,     J  defcribe  the  different  degrees  of  that 

com* 


combultibility.  vhich  have  been  fo  Iqng  un- 
known, aild  I  infift  on  the  firft  black  oxida;tion, 
as  well  as  the  different  ftates  of  the  red  oxide^ 
and  its  reduftion  which  announces  the  varied 
attradion  of  the  different  portions  of  oxigen 
which  are  united  with  it. 

The  fixth  under-title,  F,  explains  the  combi- 
nations of  which  this  metal  is  fufceptible  witli 
combuflible  bodies,  particularly  thofe  with  phof- 
phorus,  fulphur,  and  fdme  metals  which  form 
the  mofl  numerous  and  the  mofl  varied  of  its 
compounds:  all  their  properties  are  explained 
with  much  mpre  detail,  and  carried  much  far- 
ther than  it  has  been  ufual  to  do  in  all  the  books 
of  ch<?miflry. 

The  feventh  under- title,  G,  which  relates  fo 
the  afilion  of  mercury  on  water  and  on  the  ox- 
ides, is  much  fhorter,  becaufe  this  a6i:ion  is 
little,  or  at  le^fl  very  weak ;  it  is  one  of  the 
metaU  which  a^s  leaft  powerfully  pn  thef^  bo- 
dies. 

This  is  Jiot  the  cafe  y^i]th  the  apids,  trpjate^  with 
snercury  in  the  under-title,  rj.  This  is  one  of 
the  moft  extenfive,  apd  abounds  with  the  great- 
^ft  n^mber  of  new  faft$,  AH  titie  acids,  but  prin- 
cipally the  fulphuric,  the  nitric  and  tjie  niuriatic, 
e;^ercife  an  a6iion  on  mercuryj^  or  ^n  attraction 
<m  its  oxides,  which  p;'oduce  a  great  numbjer  of 
iinpprtpiit  phenomena  ^^^  remarka,bje  cpmbina- 
tions.  ^odern  difcoveries  have  greatly  cx- 
itended,  and  giv.en  precifiqn  to  our  knowledge 
of  thefe.combinations.  .  Much  information  will 
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be  foimd  concerning  the  fulphates,  the  nitrates^ 
and  the  muriates  of  mercury,  hitherto  fo  little 
known,  together  \7ith  confiderations  very  diffe- 
rent from  what  have  been  offered  till  the  prefent 
time  concerning  thefe  falts.  The  labours  of 
Schcele,  of  Bergmann,  of  Lavoifier,  of  Citizen 
Berthollet,  and  myfelf,  on  the  greater  part  of 
thefe  combinations,  have  afforded  me  an  abun- 
dant harvell  of  new  fads  and  of  happy  explana- 
tions, which  juflify  me  in  announcing  this  part 
of  the  hiflory  of  mercury  as  the  mofl  profound, 
as  well  as  much  more  advanced,  than  any  thing 
that  has  yet  been  prefented  on  the  fame  fub- 
je6L  I  may  affirm  as  much  of  the  fulphite,  of 
the  phofphate,  of  the  chromate  of  that  metal, 
of  which,  indeed,  the  greater  number  of  works, 
cither  have  not  yet  mentioned,  or  have  at  mofl 
only  indicated  the  exiflence.  Of  the  different 
parts  or  fub-divifions  which  compofe  the  trea- 
tife  on  mercury,  this  is  the  tnoft  detailed,  the 
moft  complete  and  the  mofl  elaborate. 

There  are  comparatively  but  few  details  in 
the  following  under-title,  I,  becaufe  the  falifi^- 
«ble  bafes  and  the  falts,  which  are  there  confi- 
dered,  have  very  little  effe6l  on  mercury,  and 
»e  but  very  flightly  affefted  by  it.  But  I  have 
tJarefiiUy  defcribed  the  effect  which  the  oxide 
of  that  metal  receives  on  the  part  of  the  alksllis, 
and  particularly  ammonia,  and  the  flow  a6lion 
which  mercury  exercifes  on  the  muriates,  efpe- 
cially  that  of  ammonia. 

The 
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The  laft  under-title,  K,  where  mention  is  made 
of  its  ufes,  contains  fome  new  refults  concern- 
ing its  medical  a6lion  and  its  caufe. 

I  have  given  this  extended  notice  refpeding 
mercury,  in  order  that  the  reader  and  ftudent 
may  form  a  proper  eftimate  of  the  courfe  I  have 
followed,  and  the  care  I  have  taken  in  the  ex- 
pofition  of  the  moft  important  metals. 

Zinc,  which  follows  in  the  fifteenth  article, 
is  placed  there-in  the  order  which  I  have  adopt- 
ed, becaufe  it  approximates  to  the  metals  pro- 
perly fo  called,  principally  to  tin,  which  imme- 
diately follows  it,  and  with  which  chemifts  have 
long  obferved  ftrong  analogies.  Several  new 
fads  will  be  found  in  its  hiftory  concerning  its 
influence  in  galvanifm,  concerning  its  ores,  its 
aflays,  its  alloys,  its  combinations  with  hidro- 
gen,  with  phofphorus  and  the  acids. 

Tin  is  treated  in  the  fixteenth  article  with  a . 
degree  of  accuracy  Avhich  does  not  yield  to  that 
of  the  other  articles,  either  in  the  expofition  of 
its  phyfical  properties,  of  its  ores,  of  its  affays, 
or  in  that  of  its  combination  with  phofphorus^ 
fulphur  and  the  other  metals,  particularly  its 
combinations  with  the  acids.  The  difcoveries 
of  Citizens  Adet,  Guyton  and  Pelletier,  on  the 
nitrate  and  the  muriates  of  this  metal,  have  fur- 
jiiihed  me  with  details  which  have  not  yet  been 
comprifed  in  the  treatifes  of  chemiflry. 

Le^4  included  in  the  feventeenth  article,  is 
ftill  one  of  the  metals  which .  have  required  to 
be  treated  moft  at  large,  becaufe  its  numerous 

properties 
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properties  and  multiplied  combinations  are  very 
well  kilown.  The  pneumatic  doftrine  has  great- 
ly contributed  to  render  its  hiftory  eafy,  metho-* 
dical  and  complete.  Every  department,  the  dif- 
pofition  and  the  knowledge  of  its  numerous  ores, 
their  affay  by  the  dry  and  humid  ways,  their 
metallurgical  treatment,  the  oxidation  of  this 
metal  by  air^  its  union  with  phofphorus,  ful- 
phur,  the  metals,  its  alteration  and  folution  in 
the  acids,  its  aftion  principally  in  the  ftate  of 
oxide  on  the  alkalis  and  the  falts,  receive  at  pre- 
fent  the  greateft  light  and  clearnefs  from  the 
principles  of  the  French  doflrine.  The  recent 
difcoveries  concernins:  its  laft  oxidation  of  a 
brown  colour,  obferved  by  Scheele,  and  fmce  fo 
well  developed  by  M.  Prouft  and  Citizen  Vau- 
quelin,  concerning  many  of  its  combinations 
with  the  acids,  concerning  fome  of  its  ores^ 
concerning  the  effeft  which  the  oxides  have  on 
fome  of  the  muriates,  have  been  of  great  ad- 
vantage to  me  in  flat  in  g  the  new  fa6ls  rela- 
tive to  that  metal. 

How  amply  might  I  enlarge  upon  the  eight- 
eenth article,  devoted  to  iron,  if  I  were  fully 
to  explain  what  conftitutes  the  hiftory  of  each 
of  the  metallic  fubftances  particularly  treated  iii 
this  fedion !  This  metal,  fo  different  from  the 
others  in  its  chara6i;ers,  its  magnetifm,  its  pre- 
fence  in  organized  bodies,  its  abundance  even 
at  the  furface  of  the  globe,  which  it  feems  to 
prefent  to  man  as  one  of  his  firfl  and  mofl  im- 
portant materials  of  art.    This  body,  fo  varied  in 

its 
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its  forms,  fo  multiplied  in  its  ufes,  which  add  a 
power  and  a  new  force  to  the  human  mind^  ' 
from  the  art  of  moving  the  heavieft  maffes,  to 
that  of  tracing  on  the  pathlefs  ocean  the  courfe 
which  the  navigator  purfues ;  from  the  ufe  of 
the  fimpleft  and  roqgheft  lever,  to  that  of  the 
delicate. fpring  which  enables  the  time-piece  to 
move,  and  the  delicate  graver  to  tranfmit  to 
future  ages  the  images  of  our  heroes  and  their 
-glorious  achievements  ; — this  being  .whigh  mea- 
fures,  in  a  certain  refpe6l,  the  comparative  in- 
telligence and  perfeftion  of  nations,  by  the  num- 
rber  of  the  fervices  which  they  know^  how  to  ob- 
tain from  it,  and  the  different  flatus  which  they 
.have  given  to  it,  prefentsto  the  philofopher, 
the  geometer,   the  navigator,  the  aftronofflier, 
(the  phyfician,  and  the  me^hanic^  fources  fomul- 
.tiplied,  inftruments  fo  precious,  adyanjtages  fo 
.great,  that  the  chemift,  whofe  labours  muft  pre- 
.  cede  and  direct  the  different  9»pplipati9ns  of^  th|s 
•metal,  cannot  develop  its  prppeffi^s  with  Ufo 
much  care.     Tliefe  are  the  moti ves;  wl^y  I  have 
given  fuch  extenfive  details  refpefting  iron.  Its 
hiftory,  exceeding  in  length  even^  that  of  mer- 
;cuty,   and   divided  into  ten  under-titles,  like 
ithat  of  all  the  other  metals,  ^contaiijs,  in  each 
:of  thefe  diyifions,  all  the  fa6ls.  relating  to  it,  .all 
•  the  difco varies  ancient  and  modejrn,,  and  ,all  the 
liijfeful  confiderations  ^afforded  •  by  their^  refu^ts* 
»An  acQo.unt  of  the.  labours  to  which  it  h§s.jbeeii 
.fucceflively.ajdmitteid;  ,an  accurate  difplay-iof 
iitsphyfical,  properties  fo  fingul^r^sijid  ib  diftinc- 

tive ; 
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live ;  a  methodical  claffification  and  defcription 
of  its  ores,  after  the  late  remarks  of  Citizen 
Haiiy ;  accurate  generalities  concerning  its  do* 
cimafy  and  metallurgy ;  phenomena  and  refults 
of  its  diflferfent  degrees  of  oxidability  by  the  air; 
its  combination3  with  hidrogen,  carbon,  phof- 
phorus,  fulpiitir  a'nd  the  nfietals ;  comparifon  of 
crude  iron,  bar  iron,  and  of  fteel ;  extenfive  de- 
tails refpedling  its  alloys ;  the  a6lion  which  it 
exercifes  fo  ftrongly  on  water  and  the  oxides^ 
which  it  decompofes,  almoft  all  with  equal  faci- 
lity ;  the  multipilied  eiFefts  which  it  experiencfes 
on  the  part  of  the  acids,  and  which  it  cauf^ 
them  to  undergo  ;  the  very  detailed  expofitibn 
of  its  different  faline  combinations;  the  Wo 
ftates  of  its  fulphate,  thofe  of  its  d liferent  pre* 
cipitates;  the  adhcrences  which  it  contra^, 
the  compounds  which  it  forms,  the  coloiits 
which  it  alfumies  and  which  it  communicates 
to  the  earths,  the  alkalis  and  the  falts :  this  4S 
the  feries  of  obje6ls.  methodically  prefented  in 
this  article.  However  long  it  may  appear,  -it 
is  far  from  (exhibiting  the  immenfe  profufion  of 
details  contained  in  fome  ancient  and  modern 
works  concerning  iron;  but  it  neverthelefs  con-^ 
tains  a  much  more  extenfive  feries  of  fafts,  and 
particularly  a  connexion,   and  unity  of  thefe 

'  fafta,  much  more  valuable  than  any  of  ttie 
treatifes  publifhed  on  this  important  fubje^ 
This  article  may  be  confidered  as  a  monogra- 
phic hiftory  of  this  metal,  drawn  up  with  all 

'  thfe'  jireclfloli  and  method  of  which  I  was  capa- 
ble. 
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ble,  forming,  by  the  afliftance  of  the  pneumatic? 
do6lrine  ^fhich  enlightens  all  its  parts,  the  moft 
complete  fyftem  of  the  knowledge  we  at  prefent 
poffefs  refpedling  iron* 

The  article  of  copper  (the  nineteenth)^ 
though  much  more  concifely  treated  thaa 
iron,  contains  neverthelefs  a  great  number  of 
faSs  concerning  its  properties,  I  have  had* 
lefs  to  fay  concerning  the  hiftory  of  its  difcove- 
lies,  and  its  phyfical  properties.  Its  different 
ilates  in  nature,  its  ores,  which  conftitute  feries 
very  numerous,  andmiich  varied  in  their  form, 
and  their  colour  in  coUedions,  have  engaged 
me  more  particularly  to  reduce  them  to  fpecies 
really  different.  The  under-title,  D,  concern- 
ing its  affays  and  its  m^etallurgy,  has  notwith- 
ftanding  required  fome  extent  on  account  of 
the  importance  and  the  number  of  its  opera- 
tions, though  I  have  been  defirous  only  of  fuin- 
maries;  but  the  divifions  relative  to  its  pro- 
perties truly  chemical,  to  the  aftions  of  the  air, 
of  water  and  of  the  oxides,  the  acids,  the  bafes, 
and  the  falts  upon  copper,  are  the  moft  elabo- 
rate and  the  moil  detailed  parts.  Among  all 
the  fads  anciently  known  concerning  its  pro- 
perties, we  may  felcft  in  a  certain  manner,  as 
the  neweft  and  the  moft  ftriking,  the  different 
ftates  of  the  oxides  of  copper,  their  differences, 
their  refped;ive  tranfitions,  the  combinations  of 
this  metal  with  phofphorus  and  fulphur,  the 
beautiful  phofphorefcence  of  the  fulphuret  of 
copper,  feveral  of  its  alloys  relative  principally 

to 
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to  the  art  of  analyfis,  fuch  as  brafs  and  bell- 
metal,  the  fulphite  of  copper,  unknown  before 
the  refearches  which  were  common  to  me  and 
Citizen  Vauquelin ;  the  nitrate  of  copper  and 
its  precipitate  by  flaked  lime,  which  forms  ver^ 
diter,  the  differences  of  the  arfeniate  and  of  the 
arfenite  of  copper^  the  firft  bluilh,  the  fecond 
forming  the  green  pigment  of  Scheele ;  laftly, 
the  adion  of  ammouia  on  its  oxides.  It  will 
conftantly  be  feen  that  the  pneumatic  doftrine 
imparts  to  the  whole  of  the  hiftory  of  this  me- 
tal a  clearnefs  and  precifion  which  did  not  exifl 
in  it  before  the  admiflion  and  the  confolidation 
of  that  beautiful  theory. 

Silver,  gold  and  platina,  articles  XX,  XXI, 
aad  XXII,  forming  together  the  laft  genus  of 
metals,  becaufe  they  refemble  each  other  in 
their  great  du6lility  and  their  difficult  oxidabi- 
lity,  conftantly  united  on  account  of  their  re- 
lations under  the  ancient  name  ofperfeB  metals, 
the  objefts  of  the  long  and  patient  refearches  of 
the  alchemifts,  who,  without  finding  the  tranf- 
mutations  they  fought,  have  at  leaft  found  a 
number  of  combinations  which  they  did  not 
feek  for,  are  treated  with  the  care  and  details 
fuited  to  their  importance.  Their  chemical 
hiftory  has  gained  no  lefs  by  the  certainty  and 
the  fimplicity  of  the  refults  of  the  pneumatic 
dodrine,  than  that  of  all  the  preceding  metals. 
Moid  of  the  phenomena  which  relate  to  them 
and  the  particular  fads  they  prefent,  depend  on 
the  little  attradion  which  exifts  between  them 
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and  oxigen,  on  the  difficulty  Avith  which  they 
are  luiited,  and  on  the  facility  with  which  that 
-principle  is  feparated  from  them.     It  is  by  thefe 
means  that  they  poflefs  their  unchangeablenefs 
in  the  air,  the  neceffity  of  violent  means,  fuch 
as  deflagration  to  burn  them,  the  ready  reduc- 
tion of  their  oxides,  the^  flight  a6lion  of  moft 
of  the  acids  on  thefe  metals,  the  power  which 
the  oxigenated  muriatic  acid  exercifes  on  them, 
the  very  remarkable  alteration  which  their  ox- 
ides undergo  by  ammonia  and  the  fulminations 
of  which  their  combinations  with  that  alkali 
are  fufceptible.     The  art  of  purifying  thefe  me- 
tals,  of  extrafting  them  from  their  alloys,  of 
obtaining  them  without  lofs  or  with  little  loft, 
and  of  aflayirig  them,  or  of  difcovering  their 
linenefs,  depend  on  the  firft  mentioned  chemical 
chara6lcrs.     We  mufl;  fee,  in  a  word,  that  this 
flight  adherence  of  the  three  lafl:  metals  for  ox- 
igen muft  be  confldered  as  the  point  upon  which 
all  the  properties  which  charaderize  them  turn; 
as  we  have  feen  that  the  more  or  lefs  ft;rong  at- 
tra6lion  of  all  the  others  for  that  principle,  is 
the  only  centre  of  the  varied  phenomena  which 
they  prefent  to  us.    The  great  fimplicity  which 
this  obfervation  imparts  to  their  hiftory,   muft 
render  it  ihorter  and  more  eafy  to  be  underftood 
than  that  of  feveral  of  the  other  metals.     Thus, 
though  I  have  omitted  nothing  to  render  that 
hiftory  complete,  the  three  laft  articles  are  much 
lefs  extenfive  and  ample  than  moft  of  the  pre- 
ceding. 

I  have 
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I  have  neverthelefs  given  fuflficient  develoi>- 
ment  to  the  hiftory  of  the  ores  of  filver,  of  its 
alloys  neglefted  in  the  elements  which  we  pof- 
fefs,  of  its  faline  combinations,  particularly 
of  its  nitrate  and  muriate,  of  their  decompofi- 
tions  by  the  other  metals,  of  fulminating  fil- 
ver, a  fpecies  of  amnioniacal  argentite,  of  the 
non-decompofition  of  its  muriate  by  the  fixed 
alkalis,  of.  the  contrary  decompofition  of  the 
muriate  of  foda  by  the  oxide  of  this  metal,  and 
laftly,  of  the  ufes  of  filver. 

I  iiave  been  careful,  in  the  hiftory  of  gold, 
to  infift  on  its  excellent  phyfical  properties,  on 
the  affays  and  the  treatment  of  the  auriferous 
minerals,  on  its  oxidation  by  the  air,  on  certain 
of  its  alloys  not  fufficlently  defcribed  or  diftin- 
guiihed  in   the   greater  number   of  chemical 
works,  on  its  purification,  its  refining,  and  the 
important  art  of  afcertaining  its  finenefs ;  on 
the  muriate  of  gold,  on  the  relations  of  the  mu- 
riatic folution  of  gold  with  that  of  tin,  on  the 
puiple  powder  of  Caflius;  and  laftly,  on  the 
lifes  of  that  precious  metal.     All  this  article, 
formerly  obfcure,   and   filled  with   incoherent 
fafts,  has  acquired,  by  means  of  the  pneuma- 
tic doftrine,  a  degree  of  precifion  and  clearnefs 
"which  were  fought  in  vain  in  the  ancient  doc- 
trines of  chemiftry.     The  phenomena  of  its  dif- 
ferent precipitates,  and  alfo  of  the  greater  num- 
ber of.  its  combinations,  which  were  formerly 
inexplicable,  have  acquired  a  perfpicuity  which, 
by  rendering  them  eafy  to  be  underftood,  has 
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-tieceffarily  added  to  the  force  of  the  theory  to 
which  jt  is  due. 

Platina,  though  fubmitted  to  a  great  number 
of  fucceflive  refearches  during  more  than  forty 
years,  is  ftill  much  lefs  known  than  filver  and 
gold.  Hence  certainly  arifes  the  extreme  diffi- 
culty of  obtaining  it  pure,  and  of  examining  it 
alone  and  without  alloy.  There  is  room  to 
hope  that  the  prefent  means  of  chemiftry  and 
the  great  occafion  for  working  this  refra6lory 
and  almoft  infufible  metal,  in  the  fabrication 
of  ftandards  for  the  republican  weights  and 
meafures,  will  open  to  the  chemifts  of  the  Infti- 
tute  of  France  a  new  courfe.  Their  firft  effays 
already  promife  us  more  exa6l  information  con- 
cerning the  properties  of  this  fine  metal.  But 
this  new  work  has  fcarcely  commenced.  It 
Was  impoffible  for  me  to  infert  the  firft  refults 
which  have  been  prefented  to  us  in  my  article 
of  platina,  becaufe  they  are  not  yet  fufficiently 
confixraed*  I  have  therefore  been  forced  to  re- 
cur to  the  known  fources,  and  to  leave  either 
obfcurities  or  great  defefts  in  this  article.  But 
T  have  taken  care  to  prefent  the  fads  moft  re- 
cently difcovered  concerning  platina,  fuch  as 
the  procefs  of  working  it  which  Citizen  Jean- 
nety  has  ufed  at  Paris ;  its  fufion  by  oxigen 
gas,  defcribed  by  Lavoifier;  the  principal  al- 
loys which  it  forms,  and  which  are  all  more  or 
lefs  important  to  be  known ;  its  Angular  com- 
bination with  phofphorus,  of  which  Pelletier 
has  fought  to  avail  himfelf  to  purify  the  metal, 

the 
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the  triple  falts  fo  numerous  and  fd  frequent  to 
which  it  gives  birth,  and  which  all,  when 
ftrongly  heated,  condud;  to  its  reduction  and 
purification ;  its  remarkable  oxidation  and 
apparent  deftrudion  by  nitre,  fo  well  obferved  ' 
by  Margraaf^  Lewis,  and  afterwards  fo  much 
better  determined  by  Citizen  Guyton;  the  af- 
fays  already  attempted  on  its  feparation  from 
the  other  metals  by  differfent  precipitants  from 
its  folutions,  &c- 

Thus  the  fection  of  metallic  matters,  treated 
with  all  the  neceffary  details  in  each  of  its  ar- 
ticles, does  not  yield,  by  the  developments 
which  conftitute  thern,  to  any  of  thofe  which, 
precede  it :  thefe  bodies,  fo  important  in  foci- 
ety,  are  ftudied  in  all  their  properties,  in  fuch 
a  manner  that  no  work  prefents  fo  extended 
and  fo  complete  an  account  of  them. 


NOTICE  OF  THE  SEVENTH  SECTION. 

VEGETABLE  matters,  of  which  the  hiftory 
belongs  to  the  feventh  feftion  of  the  fyftem,  be- 
ing compounds  very  different  from  thofe  which 
exift  among  the  foflils,  and  the  problems  which 
chemiftry  propofes  to  folve  concerning  the  iia* 
ture  of  thefe  matters  being  of  an  order  more 
elevated  than  thofe  which  mineral  compounds 
prefent,  the  courfe  of  the  fciehce  could  not  be 
the  fame  in  thijj  feftion  as  that  which  direfted 

me 
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me  in  the  preceding  feSions.     The  iimple  di-  . 
vifion  into  articles  are  not  here  fufficient.    The 
chemical  phenomena  which  chara6lerize  vege- 
table compounds  are  too  complicated  and  too 
numerous,  not  to  demand  a  preliminary  diftinc- 
tion  in  their  comparative  differences.     It  is  ne- 
ceffary  befides,  in  order  to  underftand  them  well, 
to  know  in  what  the  organic  ftruclure  of  plants 
differs  from  the  lamellatcd,  fibrous  or  granur 
lated,  but  always  fimplc  texture  t)f  foffil  mat- 
ters.    In  this  examination,  it  is  no  lefs  necef- 
fary  to  know  the  chemical  nature  of  vegetable, 
matters  in  general,    than  that  of  the  immediate 
materials  of  plants  in  particular ;  to  determine 
how  the  chemical  proceffes  of  nature  differ  from 
the  proceffes  of  art  with  refpeft  to  them,  as  well 
as  the  relations  which  mav  be  eftablifhed  be- 
tween  their  chemical  properties  and  the  pheno- 
mena of  vegetation.     Thefe  confiderations  le- 
fpeCring  vegetable  chemiflry,  fuch  as  it  is  when 
treated  according  to  the  modern  difcoveries, 
have  led  me  in  the  firft  place  to  divide  the  fe-  . 
venth  feftion  into  fix  orders  of  facts. 

.In  the  firft,  I  examine  the  ftructure  of  vege- 
tables and  the  dilferences  which  they  prefent 
when  compareil  with  unorganized  bodies. 

Ill  the  fccond,  I  treat  of  the  nature  or  the 
chemical  compofition  of  plants  in  general. 

The  third  order  of  facts  is  confecrated  to  the 
examination  of  the  chemical  properties  of  v€« 
getable  fubfiances  in  general. 
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The  fourth  order  of  fa6ls  is  deftined  to  ex- 
plain the  different  materials  of  plants  in  -parti- 
cular. 

To  the  fifth  order  of  fafts  belong  the  fpoiita- 
neous  alterations  of  which  vegetable  matters 
are  fufceptible. 

Laftly,  I  rank  in  the  fixth  and  laft  order  of 
fads  relative  to  vegetable  chemiftry,  the  che- 
mical phenomena  which  the  life  of  plants  pre^- 
fents,  or  the  chemical  explanation  of  the  func- 
tions exercifed  by  living  vegetables. 

I  fliall  recapitulate  each  of  thefe  fix  orders  for 
the  purpofe  of  rapidly  explaining  what  confti- 
tutes  them. 

The  firft,  treating  of  the  ftrudure  of  vegeta- 
bles, is  divided  into  four  articles,  and  compre- 
hetids,  fucceffively,    1ft.  the  exterior  ftructure 
r  of  plants,  or  the  enumeration  of  their  external 
I  parts,  according  to  the  method  and  nomencla- 
ture of  the  botanifts ;    2d.   their  anatomy,   or 
the  ftru6lure  of  their  interior  organs  ;  3d.  an 
expofition  of  the  apparent  phenomena  of  their 
life ;  4th,  that  of  the  general  ufes  of  vegetables 
in  the  economy   of  nature.     This  is  a  flight 
ftetch  of  philofophical  botany,   intended   to 
I  ferve  as  an  introduftiou  to  viegetable  chemif- 
try. 

The  fecond  order  of  fads,  having  for  its 
obje6t  the  general  chemical  compofition  of  ve- 
getables, is  alfo  divided  into  four  articles.  In 
the  firft,  I  fliow  the  feries  of  difcoveries  ivhich 
have  been  made  in  vegetable  chemiftry,  from 

the 


152  PKELIMIXARY    DISCOURSE. 

•  •-  >•  ../•■ 

the  firft  chemico-pharmaceutic  recipes  of  the 
Arabians,  to  the  fublime  refearches  of  La voifief 
and  of  the  moderns ;  in  the  fecond,  I  indicate 
the  different  methods  of  analysing  vegetables, 
and  I  reckon  eight  fpecies ;  in  the  third,  I  an- 
nounce the  general  refults  of  all  thefe  analyfes 
with  regard  to  vegetable  compofition  ;  and,  in 
tjie  fourth,  I  fliow  the  moft  general  applications 
of  the  fa6ls  difcovered  by  analyfes,  to  the  phe- 
nomena of  vegetable  life,  and  to  thofe  of  the  al- 
terations which  plants  undergo  after  deaths 

A  greater  number  of  articles  has  been  re- 
quired to  include  in  the  third  order  of  fa6ls 
every  thing  that  relates  to  the  chemic9.1  pro- 
perties of  vegetable  compounds  colle6lively 
coniidered.  This  order  is  divided  into  eight 
articles.  The  firft  treats  of  what  I  underftand, 
by  thefe  general  properties ;  I  there  fhow  that, 
ir  is  effential  to  examine  how  the  vegetable 
compound  differs  from  the  mineral  in  the  mode 
of  the  alterations  which  it  is. capable  of  under- 
going by  re-agents  ;  in  the  fecond  article,  I  de- 
fcribe  the  effects  of  caloric  in  different  propor-i 
tions  on  the  vegetable  fubftance,  from  its  Am- 
ply withering,  to  its  complete  decompofition ;  in 
the  third,  I  explain  the  effefts  of  the  air;  in 
the  fourth,  thofe  of  water;  in  the  fifth,  thofe 
of  the  acids.  This  laft  article,  though  only  pre- 
fenting  a  generality,  contains  fafls  which  have 
not  been  before  announced,  and  a  much  more 
cxa6l  and  extended  theory  than  has  hitherto 
been  prefented.    The  fame  is  the  cafe  with  the 
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fixth  article,  M^here  I  examine  the  aftion  of  the 
earths  and  of  the  alkalis  on  the  vegetable  com- 
pound ;  aiid,  of  the  feyenth,  where  I  treat  of 
the  adion  of  the  falts  on  that  compound ;  they 
offer  feveral  refults  of  my  own,  both  in  the  ex^- 
periments  and  in  the  dodrine*      The  eighth 
article,  the  laft  of  the  third  order,  which  has  fdr 
its  objeft  the  a6lion  of  the  metals,  of  their  ox-f 
ides,  and  of  their  falt^  on  vegetable  fubftances,^ 
always  confidered  in  this  place  as  a  fmgle  com-^ 
pound,  alfo  prefents  original  notions  concern-* 
ing. the  manner  of  the  adtion  of  thefe  bodies ; 
I  there  ihow  how.they.are  ufedin  the  analyfe.. 
of  vegetable,  (ubftances,  and , th^;  determmatiou . . 
of  their  conftitugnt  principles.  j  r  i: 

TJie  fourth .  order  of  f^s  includes  the,  vege^  r 
table  analyfis  properly  fo  called,,  or  thejexamart-i 
nation  of  all  the  vegetable  matters  in  particulaii;i<'^^ 
th^t ,  is  to  fay  of  what  have.  been,  named  the' 
immediate  materials  vf .  plants^  becaufe  they^*: 
fetve  direftly  to  conftitute  them..  It  is  divided: 
into  twenty-four  articles,  and  it  comprehends -; 
all  the  details  neceflary  to!  the  accurate  kndw'^t'  • 
ledge  of  each  of  thefe.  materials. 

The  three  firft  articles  of  that  order. explain^.. 
1ft,;  what  is  to  be  underftood  by  the  immediate 
materials  of  plants  and  the  different  places  they:.: 
occupy  accoMing  to   their   different  nature ; 
2d,  the  mean^  of  extrafting  them  unchanged,..  * 
in  order  to.  acjq[iiii:ea  knowlege  of  them,  fuck  as 
they^exift  in  the.  vegetable  texture;  3d,   the r/ 
enumeratipn  and  claffification  of  thefe  materials. 

'"    '  Thefe 
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on  that,  fubjecl,  to  require  certain  details.  It 
is  a  complete  though  concife  hiftory,  of  vegeta- 
ble acidification ;  I  confider  that  phenomenon 
in  its  greateft .  extent,  I  firft  explain  how  gene- 
rally it  exifts  in  the  materials  of  plants,  how 
thefe  materials  are  afted  upon  by  it ;  I  fhow 
the  analogy  which  exifts  between  the  different 
vegetable  acids,  the  fucceflive  converfions  or 
tranfitions  they  undergo  ;  I  divide  the  different 
forms  of  the  acid  or  the  modifications  of  which 
vegetable  acidification  is  fufceptible,  into  fix 
genera :  this  is  the  fubje^l  of  the  firft  paragraph 
of  the  feventh  article.  The  fix  following  para- 
graphs, comprehend  the  fix  diftincl  genera  of 
vegetable  acids ;  namely. 

The  firft  genus  or  the  native  and  pure  acids, 
tq  the  number  of  five  fpecies,  the  gallic,  the 
benzoic,  the  fuccinic,  the  malic,  and  the  tritric. 

The 'fecond  genus,  or  the  acidules  formed 
from  acids  partly  faturated  by  potafli,  the  ox- 
alic acidule  or  the  fait  of  forrel,  the  tartareous 
aqidule  or  tartar:  the  oxalic  and  tartareous 
aqids  are  examined  in  their  pure  ftj^te  after  each 
of  their  acidules. 

The  third  genus,  or  the  empyreumatic  acids, 
pl^oduced  by  the  aftion  of  fire  on  vegetable 
matters;  the  pyromucous,  the  pyroligneous, 
and  the  pyrotartareous.  Since  the  impreffion 
of  this  article,  this  genus  of  acid?  has  been 
deftroyed  by  the  new  refearches  in  which  Citi- 
zen Vauquelin  and  myfelf  have  been  engaged. 
From  thefe  it  refults  that  the  three  diftilled 
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acids  which  compofe  it,  and  which  are  the  pro- 
dufts  of  mucilage,  wood,  and  tartar  by  diftilla- 
tibn  are  merely  acetous  acid  holding  in  folution 
an  empyreumatic  oil,  arifing  from  the  a6lion  of 
heat  on  ^ach  of  thefe  fubftances.  In  effeft, 
when  combined  with  the  earths  and  the  alkalis, 
tiey  afford  acetites,  entirely  fimilar  to  each 
other ;  no  difference  is  found  in  this  refpeft 
between  the  pyromucites,  the  pyrolignites,  and 
the  py rotartrites ;  they  all  afford  the  identical 
acetous  acid  when  diflilled  with  fulphuric  acid. 
On  the  other  hand,  fome  pure  acetous  acid  dif- 
tilled  with  the  fpecies  of  empyreumatic  oil  ob- 
tained from  mucilages,  from  wood  or  from  the 
tartrites,  or  even  agitated  for  a  time  with  thefe 
oils,  acquires  the  fmell,  the  brown  colour,  and 
all  the  fenfible  properties  m  hich  chara6lerize  the 
acids  produced  by  heat;  this  difcovery,  by 
multiplying  the  foiirces  of  acetifi cation,  dimi- 
nifhesthe  number  of  the  vegetable  acids  by 
three  fpecies. 

The  fourth  genus  of  vegetable  acids,  treated  of 
in  the  5th  paragraph  of  the  feventh  article, 
comprehends  the  new  fa6titious  acids  different 
from  thofe  which  are  found  in  nature,  produfte 
originating  in  the  aftion  of  the  nitric  acid  on 
vegetable  matters.  There  are  three  fpecies  in 
this  genus ;  namely,  1  fl.  mucous  acid :  I  give 
this  name  to  what  has  been  called,  in  the  me- 
thodical  nomenclature  /Zzcc A /a? r?/c,  becaufe  it  is 
principally  formed  with  the  fugar  of  milk ;  the 
new  name  which  I  have  given  to  it  is  more  g£r 
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neral,  and  derived  from  Its  formation  by  gum- 
my and  mucilaginous  bodies,  as  well  as  by  the 
fugar  of  m.ilk  ;  2d,  camphoric  acid ;  3d.  fuberic 
acid.  Thefe  two  laft,  formed  by  the  aclion  of 
the  nitric  acid  on  camphor  and  on  cork,  are 
merely  indicated  in  this  article ;  I  treat  them 
with  more  detail  in  the  particular  hiftory  of 
thefe  two  matters. 

The^VIth  paragraph,  including  the  fifth 
genus  of  vegetable  acids,  belongs  to  the  artifi- 
cial acids  formed  by  the  aftion  of  the  nitric 
acid  and  imitating  thofe  of  nature,  includes 
three  fpecies ;  namely,  the  factitious  malicj  tar- 
■tareous^  and  oxalic  acids.  I  have  here  only  ex- 
plained the  means  by  which  they  are  obtained, 
becaufe  thefe  acids  have  already  been  examined 
in  the  lid  and  Hid  paragraphs.  I  might  alfo 
add  here  the  acetous  acid,  one  of  thofe  moft 
frequently  produced  by  the  nitric  acid,  if  I  had 
not  confidered  it  in  the  Vllth  and  laft  parar 
graph,  where  I  treat  of  thofe  formed  by  the  effefl; 
of  fermentation. 

I  have,  however,  referred,  according  to  the 
order  I  have  adopted,  the  hiftory  of  the  acetous 
and  acetic  acids  to  the  fifth  order  of  fa6ls,  where 
I  have  treated  of  the  fpontaneous  alterations  of 
which  vegetables  are  fnfceptible,  and  the  pro- 
dufts  of  thefe  alterations. 

5th.  The  fecula,  treated  in  the  eighth  article 
of  the  fourth  order  of  facts,  prefents  in  the  me- 
thod I  have  conftantly  followed  with  regard 
to  all  the  imriiediate  materials  of  plants,  an  in- 

tereft 
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tereft  fo  much  the  greater  with  regard  to  the 
explanation  of  its  fituation,  its  extraftion,  its 
phyfical  and  chemical  properties,  and  its  fpecies 
or  different  modifications,  becaufe  its  ufes  fliow 
it  to  be  one  of  the  moft  important  fubftances 
for  the  fupport  of  life,  as  it  forms  one  of  the 
principal  articles  of  food  of  man  and  of  ani- 
mals. • 

6th.  The  gluten,  the  fubjeft  of  the  ninth  ar- 
ticle, is  treated  with  great  care,  becaufe  in  its 
combination  with  fecula  in  that  moft  excellent 
food,  the  farina  of  wheat,  it  gives  it  part  of  the 
properties  which  are  peculiar  to  that  farina, 
and,  on  the  other  hand,  it  approaches  to  animal 
matters  by  its  chemical  charafters,  owing  to  the 
prefence  of  azote  fixed  among  its  principles. 

7th.  The  extraft,  comprifed  in  the  tenth  ar- 
ticle as  the  feventh  of  the  immediate  materials 
of  plants,  has  nothing  fimilar  to  what  were  for- 
merly named  extrafts.  After  having  made  it, 
jduring  twelve  years,  one  of  the  fubjedls  of  my 
deepeft  ftudies,  relative  to  the  analyfis  of  quin- 
quina, I  muft  explain  its  properties  in  fuch  a 
manner  as  to  give  to  it  a  very  different  afpeft 
from  what  it  has  hitherto  fliown.  It  is  no  long- 
er a  pharmaceutic  preparation,  but  a  particular 
body,  coloured,  fapid,  foluble,  abforbing  oxigeii 
which  renders  it  infoluble  in  water,  containing 
almoft  always  the  acetites,  and  M'hich  may  be  a^ 
properly  reckoned  in  the  lift  of  colouring  and 
clyeing  matters  as  of  medical  matters ;  it  is  a 

more 
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tiiore  c6nipKcated  fubftance  than  all  the  pre- 
ceding. 

8th.  The  fixed  oil,  the  eighth  of  the  vegeta- 
ble materials,  treated  of  in  the  eleventh  article, 
is  confidered  under  feveral  new  relations,  re- 
lative to  its  nature,  and  its  fituatibn,  its  va- 
rieties, and  its  numerous  ufes. 

9th.  The  wax  and  fat  of  vegetables,  the 
ninth  d  their  materials,  not  having  beeii  before 
comprifed  in  this  clafs,  deferve  to  be  care- 
fully diftinguifhed,  as  to  their  nature,  their  fre- 
tjiiency,  and  their  ufes.  I  fliow  that  they  are 
formed  from  fixed  oils,  thickened  by  the  ab- 
forption,  of  oxigeii,  moft  frequently  expofed  to 
the  air  in  fmall  drops  or  in  very  flfender  cover- 
ings on  the  furface  of  the  grains  which  coiitain 
them. 

10th.  Volatile  oil,  the  tenth  of  the  imme- 
diate materials  of  plants,  is  treated  of  in  the 
thirteenth  Article,  arid  confidered  chiefly  by 
com'parifon  with  fixed  oil.  I  deferibe  it  as  a 
com]pound  in  which  the  predomination  of  hidro- 
gen  forms  the  principal  character.. 

1 1th.  Camphor,  tjie  fubjeft  of  the  fourteenth 
article,  is  prefented  as  confl:antly  accompanying 
the  volatile  oil  which  it  refembles,  but  from 
Vhich  however  it  differs  in  fome  peculiar  cha- 
rafters,  particularly  by  its  concrete  and  cryftal- 
lirie  ilate,  its  folubility  in  the  acids,  and  its  con- 
Verfiori  into  a  peculiar  acid  by  the  adion  of  ni- 
tric acid. 

12  th.  Refin, 


I^RELIMIKARY     DISCOURSE.  l6j 

12th.  Refin,  the  twelfth  of  the  immediate 
materials  of  vegetables,  the  fubjeft  of  the  fif- 
teenth article,  feems  to  have  the  fame  relation 
to  volatile  oil  as  wax  has  to  fixed  oil.  After  hav- 
ing prefented  their  generic  charaders,  after  hav- 
ing treated  of  refinification  in  general,  I  indi- 
cate, as  I  have  done  with  regard  to  all  the  pre- 
ceding materials,  the  principal  fpecies  of  refms 
employed  in  medicine,  and  in  the  arts. 

ISth.  The  gum  refms,  the  thirteenth  fpecies 
of  the  materials  of  plants,  are  treated  like  the 
redfi^.  In  the  fixteenth  article,  I  give  their  ge- 
neric chara6iers,  particularly  thofe  which  tend 
to  diflinguifli  them  from  the  refms,  and  I  then 
indicate  the  jnoft  valuable  of  the  fpecies  in 
•common  ufe. 

14th.  Caoutchouc,  the  fourteenth  genus 
aoiong  tiie  materials  of  vegetables,  is  particu- 
larly confidei^ed  in  the  feventeenth  article  as  a 
fubftance  very  different  from  the  gums  and  the. 
refins,  with  which  it  feems  to  have  been  long 
confounded  by  its  denomination.  I  Ihow  that 
it  ought  to  be  confidered  as  a  fubftance  fui  ge- 
n^rUj  which  has  very  diftinft  phyfical  proper- 
ties and  chemical  charafters.  Several  trees  fur- 
nifh  this-  body  already  fo  ufeful  and  which  will 
hereafter  become  much  more  fo,  if,  as  I  pro- 
pdfe,  the  white  juice,  from  which  it  is  feparated, 
be  immediately  brought  from  our  colonies,  and 
if  a  fimilar  matter  be  fought  in  thofe  European 
vegetables  which  appear  to  contain  it. 

Vol.  I.  m  15th.  The 
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15th.  Tlie  balfams,  the  fifteenth  of  the  im- 
mediate materials  of  plants,  treated  of  in  the 
eighteenth  article,  are  defcribed  as  natural  com- 
pounds of  refin  and  of  benzoic  acid.  This  de- 
nomination ought  no  longer  to  be  vague  as  it 
foimerly  was  ;  it  is  no  longer  applicable  to  the 
liquid  ftate  of  the  refins  or  to  their  aromatic 
odour  only:  it  defignates  the  oily  juices  capa^ 
ble  of  aifording  a  concrete  volatile  acid  by  heaty 
by  water  and  principally  by  alkaline  leys^  which 
is  afterAvard  precipitated  by  muriatic  acid.  I . 
Ihow  that  the  number  of  the  balfams  liiuft  tti'ftl* 
tiply  in  proportion  as  refearches  concerning  ve- 
getables become  more  exa^t,  and  tliat  in  addi- 
tion to  benzoin,  the  balfams  of  Tolu,  of  Peru, 
ftorax  and  liquid  amber,  which  formerly  were 
Ahe  only  on^s  known  in  this  g^ii^id,  it  is  necef- 
fary  to  add  thofe  of  vanilla  and  canell^  be- 
•caufe  thefe  two  matters,  which  contain  a  Very  . 
odorous  oily  juice/  afford  alfo  the  benzoic  acid 
by  analysis.- 

I6th.  I  reckion  colouring  matters  as  the  fix-^ 
teen th  genus  of  the  immediate  materials  of  ve- 
getables: they  form  ^e  fubjeci;  of  the  nitte^ 
teenth  article.      In  treating  of  the  coloration    j 
•of  the  parts  of  plants  in  general,  Ifhowthat 
this  objeCl^much  left  known  than  that  part  of  . 
fcience  which  relates  to  the  extrafition  and  tathe 
nppli cation  of  colours  for  painting  and  dyeiiig, 
is  one  of  the  leaft  advanced  parts  of  vegetable 
chemiftry.    I  then  pafs  to  the  enumeration,-  the    ; 
clarification  and  the  examination  of  the  co- 
louring   ; 
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louring  matters  ufeful  in  the  arts  ;  I  attempt 
to  reduce  to  a  fyftem  the  pra6lical  fads  abeady 
known  concerning  thefe  mattfersj  and  to  divide 
them  into  chemical  compounds,  more  or  lefs 
different  from  thofe  which  have  been  before 
treated  of.  .  The  new  notions  concerning  vege- 
table colours,  delivered  by  Citizen  BerthoUet, 
are  more  particularly  turned  to  advantage  in 
this  article. 

17th,  18th.  Itgh,  and  20th.  The  four  laft 
immediate  materials  of  plants,  upon  which  I 
treat  after  the  lixteen  preceding,  have  not  hi- 
therto been  confidered  as  fuch  by  the  chemifts ; 
I  am  the  firft  who  have  diftinguifhed  and  com- 
prifed  them  in  the  clafs  of  compounds,  form- 
ing vegetables.  Before  the  courfe  which  I 
have  adopted  they  were  either  unkno\vri  or 
negled;ed. 

I  name  the  feventeenth  of  thefe  materials 
the  vegetable  albumen,  on  account  of  its  ana- 
logy with  white  of  egg  or  the  animal  albumi- 
nous matter ;  like  that  fubftance,  this  matter, 
which  I  have  found  in  the  farina  of  wheat,  in 
the  juices  of  feveral  plants,  is  coagulable  by 
heat,  the  acids  and  alcohol ;  it  appears  to  ac- 
company the  green  fecula  of  expreffed  juices. 

The  ligneous  matter,  the  eighteenth  of  the 
materials  of  vegetables,  is  their  folid  part,  a 
fpecies  of  vegetable  fkeleton.  It  has  errone- 
oufly  been  taken  for  an  earth.  Befides  its  cha- 
n^T  of  affording  a  great  quantity  of  charcoal 
by  its  /decompofition  by  heat,  of  preferving  it- 

m  2  felf 
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felf  for  a  long  time  without  alteration  in  dty 
air,  of  changing  its  dimenfions  according  to  the 
hygronietric  ftate  of  the  atniofphere,  the  lig- 
neous matter  has  alfo  for  diftinftive  properties 
that  it  is  infoluble  in  cold  or  hot  water,  that- it 
becomes  charcoal  by  long  contact  with  that 
liquid,  and  is  converted  into  feveral  faftitious 
acids  by  the  aftion  of  nitric  acid.  It  is  a  com- 
pound which  differs  from  all  others  by  the  fu- 
perabundance  of  carbon  and  of  oxigen. 

The  tan,  or  tannin,  has  not  been  before  rank- 
ed among  the  immediate  materials  of  vegeta- 
bles, and  I  have  placed  it  as  the  nineteenth  of 
thefe  materials,  from  the  care  with  which  it  haft 
been  examined  by  Citizen  S6guin,  in  his  ex- 
cellent work  on  tanning.  A  ftrong  and  as 
it  were  aromatic  odour,  a  fharp  and  aftringent 
tafte,  folution  in  water,  precipitation  from  glue, 
in  an  infoluble  and  confer vable  matter,  confti- 
tute  its  fpecific  chara<5lers.  It  exifts  in  many 
vegetables,  almoft  always  with  the  gallic  acid, 
which  is  diftinguifhed  from  it  by  precipitating 
the  fulphate  of  iron,  but  does  not  precipitate 
animal  fubftances.  Tannin  may  very  probably 
be  the  firft  of  febrifuge  or  antiperiodic  medi- 
cines. 

Laftly,  I  place  /w^er  in  the  twentieth  and  laft 
of  the  immediate  materials  of  plants,  which  I 
treat  of  in  the  twenty-third  article,  I  call  the 
matter  of. -cork  fuber.  It  differs  from  every 
other  vegetable  fubftance  in  its  texture,  its 
faint  fmell,  its  weak  aftringent  tafte,  the  nature 

of 
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of  the  produfts  which  it  affords  by  heat,  and 
the  kind  of  acid  which  it  forms  with  the  nitric 
•acid,  I  reckon  fuber  in  the  number  of  the  im- 
mediate materials  of  plants,  becaufe  1  have 
found  it  in  the  thick  bark  of  the  twifted  elm, 
and  becaufe  I  believe  it  to  exift  in  the  epider- 
mis of  all  trees. 

The  twenty-fourth  and  laft  article  of  the 
IVth  order  of  fa6ls  comprifed  in  the  chemical 
hiftory  of  vegetables  treats  of  matters  analo- 
gous to  thofe  which  are  known  to  be  foffil  or 
mineral,  but  exift  in  vegetables,  and  form  a 
part  of  their  materials  :  thefe  are  the  falts  or 
fome  metallic  oxides,  moft  frequently  united 
with  mineral  acids- 

In  the  fifth  order  of  fa<5ls  relative  to  vegeta- 
ble compounds,  I  treat  of  the  fpontaneous 
alterations  of  which  they  are  fufceptible. 

This  order  comprehends  eight  articles. 

The  fir  ft  explains  the  nature  and  general 
caufes  of  thefe  fpontaneous  alterations.  After 
having  defined  them  as  movements  which  are 
fpontaneoufly  excited  in  vegetable  fubftances, 
I  fhow  that  they  are  owing  to  the  ternary  or 
quaternary  compofitiou  of  thefe  fubftances,  and 
to  the  multiplied  attra<5lions  which  exift  be- 
tween their  principles  more  numerous  than  thofe 
of  minerals,  as  well  as  to  the  weaker  adherence 
of  thefe  principles. 

The  fecond  prefents  thofe  movements  w  hich, 
conftituta  the  fermentations  divided  into  feve^ 
ral  fpecies. 

The 
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The  third  comprehends  the  faccharine  fer-r 
mentation.  I  prove  that  the  fugar  is  formed 
by  a  true  fermentation  which  precedes  the 
vinous  fermentation ;  that  it  is  thus  re-produced 
in  the  maturation  of  fruits,  and  in  the  germi? 
nation  of  grains. 

The  fourth  article  is  appropriated  to  the  hif- 
tory  of  the  vinous  fermentation  and  of  its  pro- 
du6l.  This  hiftory  being  one  of  the  moft  im^ 
portant  parts  of  chemiftry,  I  divide  the  article 
which  belongs  to  it  into  fix  paragraphs.  The 
firft,  contains  thedefinition  and  literary  hiftory  of 
the  vinous  fermentation  ;  the  fecond,  explains 
the  conditions  which  are  neceffary  that  it  ihould 
take  place;  the  third,  the  phenomena  with 
which  it  is  accompanied ;  the  fourth,  exhibits 
the  properties  of  its  immediate  produtt  or  wine; 
the  fifth,  thofe  of  its  remote  produfil,  alcohol  j 
and  the  fixth,  treats  of  the  caufes  or  mechanifm 
of  that  fermentation.  This  divifion  permits  me 
in  very  few  words  to  prefent  all  the  ufeful  fadai 
which  this  interefting  fubjecl  of  fermentation 
and  the  nature  of  wine  includes,  and  particu-: 
larly  to  refolve  with  fimplicity  the  problem  of 
the  converfion  of  fugar  into  wine,  of  alcohol 
into  ether,  of  the  great  inflammability  of  thefe 
two  produ6ls ;  problems  which  were  regarded 
as  infoluble  fome  years  ago,  and  fhow  in  their 
aclual  folution  the  progrefs  which  modern  che- 
miftry has  made  in  the  knowledge  of  the  phe- 
nomena of  nature.  This  article  is  therefore  one 
of  thofe,  which  contains  mofl  new  facts,  and  dif- 
fers 
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fers  inoft  effentially  from  what  cxiited  ia  the 
ancient  works  on  chemiftry. 

The  fifth  article  treats  of  the  acetous  fer- 
mentations according  to  the  fame  method  as 
the  preceding.  I  there  explain  in  fix  fucceffive 
paragraphs,  I  ft,  the  conditions  and  the  pheno- 
mena of  that  fermentation  ;  2d,  the  different 
proceffcs  by  which  vinegar  is  obtained ;  3d,  the 
properties  of  that  four  liquid ;  4th,  thofe  of 
the  acetous  acid ;  5th,  the  modification  of  that 
acid  into  acetic  acid ;  6th,  its  ufes.  This  ob- 
je&  has  aflumed  a  much  more  direct  intereft  to 
ctemifts,  fince  I  have  Ihown,  by  a  work  which 
is  common  to  Citizen  Vauquelih  and  myfelf, 
that  the  formation  of  the  acetous  acid  is  one 
of  the  moft  common  and  mdH  frequent  fadis  of 
vegetable  chemiftry ;"  that  the  aftion  of  heat, 
of  ftrong  acids,  and  of  a  fermentation  dif- 
ferent from  that  of  which  the  wines  are  fuf- 
ceptible,  produce  acetous  acid,  by  decom- 
pofing  a  great  number  of  organized  vegetable 
or  animal  fubftances,  and  that  this  acid,  form- 
ed in  many  ditterent  circumftancc\s,  differs  in 
itfelf,  accordingly  as  it  is  united,  either  with  an 
empyreumatic  oil  or  with  a  portion  of  alcohol, 
or  with  otl^F  vegetable  acids,  or  with  oily  am- 
monia* 

In  the  fixth  article,  I  fpeak  of  the  panary 
and  colouring  fermentations.  The  firlt,  takes 
place  in  fermented  pafte  of  which  bread  is  made  • 
the  fecond,  in  the  vegetable  matters  which  afford 
certain  red  and  bliie  colours.     Thefe  two  move- 

^  •         ments 
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ments  are  ftill  little  known ;  there  is  reafon  to 
believe  however  that  the  firft  is  compofed  of 
the  three  fermentations,  the  vinous,  the  acid 
and  the  putrid,  fmce  Citizen  Vauquelin  has  dif-» 
covered  acetous  acid  and  ammonia  completely 
formed  in  bread,  and  that  the  fecond  is  a  fep-r 
tic  decompofition,  fmce  it  gives  out  .a  fetid 
odour  and  much  ammonia.  Thefe  two  kinds 
of  fermentation  deferve  a  ftill  more  profound 
ftudy,  and  obfervations  more  preeife  than  thofc 
which  have  hitherto  been  made^  on  this  fub* 
jeft.  -         ■         c 

The  feventh  article  is  devoted  to  the  vegeta- 
ble putrid  fermentation.  I  there  confider,  iii 
four  paragraphs,  1ft,  the  fteeping  of  hemp,  flax, 
&c, ;  2d,  rotten  ilriood ;  3d,  dung ;  ^th,  mould. 
Thefe  ate  the  four  circum{^ances  and  the  four 
moft  frequent  and  moft  remarkable  produfts  of 
the  fcptic  decompofition  of  vegetables :  they 
have  not  yet  been  comprifed  till  now  in  the 
outline  of  vegetable  analyfis ;  I  have  thought 
it  neceflary  to  apply  it  to  this  part  of  chemif- 
try,  which  is  ftill  in  its  infancy.  They  prefent 
fa6ls  ufeful,  at  the  fame  time,  to  the  philofophy 
of  the  fcience,  and  to  the  arts  which  depend 
more  or  lefs  direftly  on  this  fubje6i.  •   .. 

The  eighth  and  laft  article  of  this  fifth  order 
of  the  chemiftry  of  plants,  has  for  its  obje6l 
the  flow  decompofition  and  the  different  altera- 
tions of  which  vegetables  are  fufceptible  when 
they  are  buried  in  the  bofom  of  the  earth.  I 
examine,  in  foyr  paragraphs,   1ft,  foffil  wood  ; 

2d,  peat; 
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!d,  peat ;  3d,  the  bitumens ,  4th,  petrified  wood. 
The  bitumens,  a  fpecies  of  fubterraneous  pro- 
du6i;s  from  buried  wood,  have  required  the  moft 
extended  details  in  this  article.  After  having 
explained  their  general  charadters,  I  divide  them 
into  four  principal  fpecies,  which  I  confider 
fucceflively ;  namely,  liquid  bitumen,  pit-coal, 
jet,  and  amber. 

Since  this  article  of  my  work  was  printed, 
chemifls  have  been  occupied  in  the  careful  exa- 
mination of  a  combuftible  foffil  difcovered  fome 
years  ago  in  Germany,  and  which  has  been 
named  honigjiein  by  Werner,  honey-Jione  or 
mellite  by  other  naturalifts.  This  foflil,  of  a 
yellow  colour  like  draw,  but  rather  deeper,  is 
found  in  the  bituminous  woods :  it  was  at  firft 
compared  to  amber.  Its  primitive  form,  accor- 
ding to  Citizen  Haiiy,  is  a  rectangular  oftahe- 
dron  ;  its  cryftals  frequently  prefent  truncated 
o6hihedra,  of  which  the  terminal  facets  are  cur- 
vilineal :  they  fometimes  prefent  dodecahedrons, 
approaching  to  a  rhomboid.  According  to  the 
fame  obferver,  the  mellite  has  a  very  fenfible 
double  ref ration,  while  amber  has  only  a  fim- 
^Ic  refraftion ;  its  infulated  cryltals  eafily  ac- 
quire a  ftrong  refinous  eleftricity;  but  it  is 
fcarpely  fenfible,  when  its  cryftals  are  rubbed 
without  infulation. 

M.  Klaprothy  in  analyfing  the  mellite,  found 
it  t^  contain  alumine  and  a  peculiar  vegetable 

acid« 

Citizen 


\ 


V 


170  PEEMMIIffARY    DISCOURSE. 

Citizen  Vauquelin  has  communicated  to  me 
an  examination  which  he  has  lately  made  of 
fome  fmall  cry ftals  which  were  fent  to  him  by 
M.  Abildgaard  of  Copenhagen,  or  given  by 
M.  Monthey^  profeffor  of  chemiftry,  in  the  fame 
city.  ■ 

The  mellite  is  ihfipid  and  infoluble  in  water. 
When  heated  in  a  retort,  it  is  decompofed,  and 
affords  a  bitumindus;  and  empyreumatic  water, 
carbonic  acidj  arid  a  concrete  volatile  fait ;  the 
refidue  is  coal.  Upon  ignited  charcoal  or  in 
an  open  crucible,  it  burn?  like  a  vegetable 
combuftible :  inftead  of  leaving  charcoal,  after 
its  combuftion,  it  only  prefents  a  greyiih  white 
matter,  which  has  all  the  chara^rs  of  alumine^ 
mixed  with  a  little  lime. 

The  cauftic  fixed  alkalis  diiTolve  the  mellite 
almoft  totally,  and  only  leave  a  little  undiffolv-^ 
ed  lime  and  charcoal.  ^  The  alkaline  carbonates 
decompofe  it  with  eifervefcence ;  a  deep  brown 
refidue  afterwards  remains,  compofed  of  alu- 
mine,  of  a  little  lime,  and  of  a  brown  bitumi- 
nous oil.  By  burning  this  laft  refidue,  it  be-t 
comes  white,  and  affords  by  the  fulphuric  acid 
fulphate  of  lime  and  fulphate  of  alumiftei 
which  is  changed  into  alum  by  tb6  addition  of 
fulphate  of  potaih.  ' 

The  potafli  with  which  the  mellitfe  was  tr^atr* 
ed  is  in  a  faline  and  very  foluble  ftate.*  'An  acid 
added  in  excefs  to  the  concentrated*  fblution  of 
that  fait,  feparates  from  it  brilliant,  acidul6!i», 
yellowifh  cryftals,  which  greatly  refemble  the 

oxalic 
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oxalic  acidule,  but  however  differ  from  it  in 
certain  properties.  Like  the  oxalic  acidule,  it 
precipitates  the  aqueous  folutions  of  lime,  of 
barytes,  of  ftroutian,  of  muriate  of  barytes  in 
cryftals,  thofe  of  mercury,  of  lead,  and  of  filver 
in  the  nitric  acid;  but  Avhile  it  precipitates, 
like  the  firft,  the  folution  of  the  fulphate  of 
lime,  the  acidule  of  mellite  forms  tranfparent 
cryftals,  whereas  the  oxalic  acidule  only  affords 
a  pulverulent  and  opaque  precipitate.  It  differs 
alfo  from  it,  in  precipitating  the  folution  of 
the  fulphate  of  alumine ;  which  the  oxalic 
^idule  does  npt.  Laftly,  it  is  much  more  in- 
flated on  charcoal,  and  emits  much  more  fmoke. 
Thefe  two  differences  appear  fufticieiit,  accord- 
ing to  Citizen  Vauquelin,  to  diftinguifh  the 
acid  of  mellite,  and  to  confider  it  with  M.  Kla- 
proth  as  a  peculiar  acid. 

The  mellite,  or  honigftein,  is  then  a  fait  with 
a  bafe  of  alumine  and  a  peculiar  vegetable  acid, 
niixed  with  a  little  lime  and  bitumen :  it  is  pro- 
duced, like  amber,  from  the  fubterraneous  de- 
compofition  of  trees,  and  belongs  to  the  fame 
dafs  of  natural  produds. 

After  the  examination  of  the  bitumens,  I 
ibow  that  the  petrifa6lion  of  wood  which  has 
been  the  fource  of  fo  much  error  in  natural  hif- 
tory,  is  not,  as  has  been  thought,  a  converfion 
of  ligneous  fibres  into  ftone,  but  a  real  depofi- 
tion  of  the  earthy  fubje6l,  in  a  mould  left  by 
the  vegetable  fibres"  in  the  bofom  of  the  earth, 
with  whicja  tliey  have  been  on  all  parts  environ- 
ed 
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ed  and  preffed.  And  thus  by  the  laft  trace  of 
their  exiftence  which  vegetable  compounds 
leave,  I  terminate  the  outline  of  the  chemical 
phenomena  to  which  thefe-  compounds  give 
origin.  - 

The  fixth  and  laft  order  of  fa^s  which  <5on-' 
ftitutcs  the  whole  of  vegetable  chemiftry  in- 
cludes the  chemical  phenomena  which  living 
vegetables  prefent,  or  the  vegetable  phyfiology 
explained  by  the  chemical  powers.  Tliis  order- 
is,  under  a  certain  afpeft,  the  completion  of  the 
whole  of  vegetable  chemiftry ;  it  comprehends 
the  moft  immediately  ufeful  refults  and  appli- 
cations which  that  genus  of  analylis  prefents 
to  the  philofophcr.  I  endeavour  to  prove  that 
the  philofophy  of  vegetables  is  ei\tirely  com- 
prehended in  chemical  experiments,  that  che- 
miftry alone  can  refolve  the  diffTerent  problems, 
and  that  without  it  there  would  be  nothing  but 
obfcurity  or  myftery  in  this  department  of  hu- 
man knowledge. 

To  prove  this  affertion,  I  divide  this  fixth 
order  into  ten  articles. 

The  firft  article  exhibits  vegetables  as  fpecies 
of  inftruments  or  chemical  apparatus 'deftined 
by  nature  to  unite,  in  triple  compounds  at  leaft, 
the  materials  which  they  derive  from  the  diffe- 
rent media  in  which  they  find  their  nourifli- 
ment. 

In  the  fecond  article,  I  confider  the  nutrition 
of  vegetables  in  general  as  an  operation  per-^ 
formed  by  a  feries  of  chemical  combinations  pf 

which 


1?R1ELIMINARV     DISCOURSE.  173 

which  the  refult  is  to  fomi  the  vegetable  com- 
pound. 

In  the  III,  IV,  V,  VI,  VII,.  and  VIII  arti* 
cles,  I  confider  the  influence  which  light,  air, 
water,  carbonic  acid  gas,  the  foil  and  manures 
cxercife  on  vegetation.  I  fho\v  that  among 
thefe  matters,  fome  are  the  auxiliaries  or  the 
means  which  favour  the  development  of  plants; 
and  that  others  are  the  materials  more  or  lefs 
alimentary  in  themfelves,  or  carrying  with 
them,  as  vehicles,  nutritive  fubftances  which 
undergo  either  decompofition  or  new  combina- 
tions, frequently  both  at  the  fame  time :  fo  that 
the  refults  are  a  formation  of  compounds  more 
or  lefs  complicated,  which  gradually  augment 
the  mafs  and  extent  of  vegetables,  and  of  vv  hich 
a  ufelefs,  fuperfluous  or  dangerous  portion,  flows 
externally  to  their  furface,  either  in  liquids,  or 
in  gafeous  fluids. 

The  ninth  article  is  deftined  to  explain  thofe 
chemical  efFefts  which  take  place  in  the  exercife 
of  the  vegetable  funftions.  I  there  fliow  that 
all  thefe  fundions  are  the  produfts  or  the  refults 
of  true  chemical  operations,  of  decompofitions, 
and  recompofitions  arifing  from  eleclive  attrac- 
tions. I  fucceflively  enumerate,  as  vegetable 
fundions,  the  motion  of  the  fap,  fecretion,  irri- 
tability, nutrition,  extravafation,  tranfpiration, 
direction,  fleep,  germination,  foliation,  flower- 
ing, and  fruftification.  I  do  not  content  my- 
felf  with  ihowing  the  chemical  phenomena  of 
each  of  the  functions ;  but  I  likewife  prove  that 

they 
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they  can  be  nothing  elffe  than  the  real  efFefts  of* 
attradions  which  produce  the  change  and  the 
new  compofition  of  the  matters  conveyed  from 
without  into  vegetables. 

Laftly,  I  prefent,  in  the  tenth  and  laft  article 
of  this  fixth  order  of  fa6ls,  a  rapid  fketchof  the 
modifications  which  art  produces  in  living  ve- 
getables, of  the  alterations  which  they  undergo 
by  a  number  of  external  caufes,  or  of  the  dif- 
eafes  which  attack  them.  In  a  general  view, 
of  the  varieties  which  culture  produces  in  plants, 
or  furrounding  caufes  produce  in  them,  foreign 
to  a  found  ftate,  I  ihow  that  the  whole  is  nevei- 
thelefs  fubmitted,  in  this  kind  of  confidera-  ' 
tion,  to  the  influence  of  chemical  agents  and 
powers. 

It  muff  folio Av  from  all  the  fa6ls  contained  in 
this  feventh  feftion  of  my  wotky  as  I  endeavour 
to  prove,  that  vegetable  chemiftry,  far  from 
being  limited  to  the  ftudy  and  the  amelioration 
of  certain  arts,  as  was  formerly  the  cafe,  is  now 
elevated  to  the  tafk  of  explaining  and  account- 
ing for  the  greateft  phenomena  of  nature. 


NOTICE  OF  THE  EIGHTH  SECTION, 

Concerning  Animal  Compounds^ 


THE  eighth  fe6lion,  appropriated  to  the  che- 
mical hiftory  of  animal   fubftances,   follows  a 

courfe 
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cotirfe  fimilar  to  that  of  the  pi^ceding,  on  ac- 
count of  the  analogy  wliich  exifts  between  thefe 
fubftances  and  vegetable  matters.  It  is  divided 
into  no  more  than  four  orders  of  fafts  inftead  of 
fix,  becaufe  the  animal  analyfis,  though  greatly 
advanced  during  the  laft  twenty  years,  and 
though  here  treatied  *  with  details,  ainl  in  a  me- 
thod which  I  thiiik  I  may  affirm  to  have  been 
entirely  unknown  before,  does  not  ji^refent  a 
feries  of  diftroveries  and  of  fafts  fo  complete  as 
that  of  vegetable  fubftances. 

The  firft  order  of  facls,  which  contains  ge- 
neralities  concerning  the  anatomical  ftrufture 
and  chemical  compofition  of  animals,  treats,  in 
four  articles,  of  the  whole  of  their  organs,  of 
the  fuhdiions  which  they  exercife,  of  the  hiftory 
of  the  chemical  difcoveries  to  which  they  have 
gi^en  rife,  and  of  the  new.  data  which  modern 
analyfis  has  furnifhed  concerning  the  confti- 
tuent  elements  of  animal  compounds. 

In  the  fecbnd  order  of  fafts,  I  defcribe  the 
chemical  properties  of  animal  compounds  in 
general,  or  the  manner  in  which  thefe  com- 
pounds are  affedled  .by  the  principal  agents  of 
chemiftry.  This  is  one  of  the  neweft  parts  of 
the  whole,  and  one  of  thofe  which  I  have  treat- 
ed with  the  greateft  care,  as  well  on  account  of 
its  importance,  as  of  the  novelty  of  the  fubjeft. 

This  oraer  of  fafts  is  divided  into  ten  articles. 

After  the  general  confiderations  concerning  the 

principles  of  animal  chemiftry,  which  compofe 

the  firft  of  thefe  articles,  I  explain  in  the  fecond, 

:     .      •  the 
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the  aflion  of  caloric  on  the  animal  compoiincJ^ 
and  I  compare  it  with  what  the  vegetable  mat* 
ter  undergoes.  Much  ftetor  in  the  produfts^  a 
thick  and  abundant  oil,  concrete  carbonate  of 
ammonia,  and  two  or  three  other  ammoniacal 
falts,  carbonated  and  fiilphurated  hidrogen  gas, 
a  charcoal  denfe  and  difficult  to  burn,  and 
charged  with  phofphate :  thefe  chara6lerize  the 
animal  compound. 

The  anions  of  air  and  water  oik  the  fame 
compound  are  explained  in  the  Hid  and  IVth 
articles ;  and  its  alteration  by  thefe  agents,,  fo 
totally  different  from  that  of  the  vegetable 
compound,  fliews  a  diftinftive  character  which, 
as  well  as  the  fafts  announced  in  the  preceding 
article,  depends  on  the  prefence  of  azote  and 
the  fuperabundance  of  hidrogen. 

The  Vth  article  confiders  the  a6i:ion  of  the 
acids  on  animal  matters ;  I  there  fliow  that 
that  action  is  the  moft  definite  and  the  mod 
remarkable  charafter  of  thefe  fubftances.  The 
alteration  and  decompofitions  which  they  un- 
dergo by  the  nitric  acid  principally  occupies 
this  article. 

I  fliow  in  what  manner  the  animal  com- 
pounds are  changed  by  that  acid  into  azotic 
gas,  into  carbonic  acid  gas  and  pruffic  acid, 
into  water,  into  ammonia,  into  fat,  into  a  bitter 
yellow  matter,  and  into  the  oxalic  and  acetous 
acids.  The  action  of  the  other  acids  is  not 
Overlooked,  though  infinitely  lefs  important 
than  that  of  the  nitric  acid,  in  explaining  the 

propcriics, 
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properties,  the  chara6i:ers,  and  the  compofition 
of  animal  fubftances* 

In  the  Vlth  article,  1  tracfe  the  aftion  of  the 
pure  alkalis  on  thefe  fubftances  \  I  proye  that 
the  alkalis  by  diflblving  them  convert  a  por- 
tion into  ammonia  which  is  volatilized,  and 
into  oil  which  forms  a  foap  with  them.  I  fhow 
that  it  is  on  this  that  the  vely  a€iive  energy  of 
the  alkalis  upon  the  animal  compound  depends^ 
and  that  this  energy  ferves  alfo  to  explain  the 
nature  and  the  difference  of  its  compofition. 

In  the  Vllth  article,  I  examine  the  aflion  of 
the  falts,  of  the  oxides,  and  of  .the  metallic  fo-» 
lutions  on  the  animal  compound  ;  I  fliow  how 
the  firft  preferve^  and  how  the  fecond  deftroy 

it. 

In  the  Vllith  article,  I  explain  the  mode  of 
a&ion  of  vegetable  fubftances  on  that  com- 
pound, and  though  it  is  much  varied  on  ac- 
count of  the  difference  of  thefe  fubftances,  I 
deduce  from  it  a  generic  and  diftinftive  cha- 
rafter  of  animal  matter. 

Article  IXth,  By  prefenting  the  formation 
of  the  prufiic  acid  as  otie  of  the  moft  charac- 
teriftic  properties  of  the  animal  compound,  I 
generalize  the  produ6lion  of  the  animal  acids  as 
a  phenomenon  which  it  is  of  importance  to 
ihidy  in  the-  animal  compound. 

The  fame  is  the  cafe  with  putrefaction,  the 

fubjeft  of  the  Xth  and  laft  article  of  the  fecond 

Cider  of  fa6ls.     Admitted  long  a^go  as  the  mofl 

definite  eharader  of  animal  compounds,  this 

.     Vol,  i.  n  fpontaneou^ 
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in  fome  properties  which  form  the  fubje6i  of. 
this  article.     '     ■       . 

The  tentli,  to  the  horny  texture  of  the  down, 
of  the  hair  and  of  the  iiails/  very  little  ex- 
amined by  chemifts,  but  which  merits  all  their 
attention. 

The  eleventh,  to  the  cartilaginous  texttire,  a 
fpecies  of  half  folid,  elaftic  matter  which  has 
not  yet  been  ftudied  chemically.; 

The  twelfth,  to  the  offeous  texture,  concern- 
ing which  the  difcoveries  of  Scheele  and  of  the 
chemifls  who  have  prdfeCuted  his  original  re- 
fearches,  have  difcovered  fkfts  entirely  unknown 
till  their  time,  and  calculated  to  throw,  a  ftrOng 
light  on  the  funftions  and  difeafes  of  the- 
bones. 

The  eleven  firft  articles  of  the  I  lid  order 
comprehend  all  together  the  matters  which  be- 
long to  the  whole  body,  of  animals,  which  are 
found  ill  every  region,  and  which  conftitute 
their  general  organization.  In  the  twenty-two 
followirlg  are  placed  the  particular  matters 
which  exift  in  the  cranium,  in  the  different  re- 
gions of  the  face,  in  the  thorax  and  in  the  ab- 
dominal cavity. 

,  The  thirteenth  article  treats,  in  four  para« 
graphs,  on  the  cerebral  and  nervous  pulp,  of 
the  nervous  fluid,  of  the  liquor  of  the  ventri- 
cles of  the  brain  and  of  the  concretions  of  the 
pineal  gland,  matters  of  which  no  chemift  has 
yet  either  atten^pted  the  examination,  or  indi- 
cp;ted  the  properties. 

The 
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The   fourteenth   of  the   aqueous,   vitreous, 
cryftalline  humours  and  of  tears,   alfo  omitted 
in  the  arrangements  of  the  chemifts. 
The  fifteenth,  of  the  nafal  mucus. 
The  fixteenth,  of  the  humours  of  the  mouth,- 
principally  of  the  faliva,  of  the  falivary  calcu- 
his,  and  of  the  tartar  of  the  teeth. 
The  feventeenth,  of  the  wax  of  the  ears.       f 
The  eighteenth,  of  the  tracheal  and  bronclieap 
humours,  of  the  pulmonary  gas  and  concre-' 
tidns.     All  thefe  animal  humours  have    beert^ 
paffed  over  almoft  in  filence  in  the  treatifes  of 
ebemriftry.    iThe  accounts  given  of  them   by. 
pbyfidlogifts  have  been  moft  commonly  filled 
irith  errors  and  inaccuracies :  and  though  what 
I^deliver  i$  not  the  produft  of  refearches  fufii* 
cieiitly  completed,  nor  of  experiments. fuflici- 
ently  numerous  and  definite,  thefe  articles  are 
diftinguilhed  from  what  has  hitherto  been  writ-* 
teby  not  only  becaufe  I  have  confined  myfelf  to 
certain  facls  or  definite  analogies,  but  alfo  bev 
caufe  many  of  thefe  humours  have  been  th6v 
fubJQ3;s  of  refearches  more  or  lefs  conAderable, 
undertaken,  as  well  by  myfelf  in  particular,  as 
by  .my  pupil  and  friend  Citizen  Vauquelin. 
::.The  fubjecl  of  the  nineteenth  article,  which: 
ia.vcry. different  from  thofe  of  the,  fix  pvi^cedi.ng^ 
a&licles,  has  afforded  me  thp  affiftance  of  a  great 
minrber  of  refearches,  made  by  many  able  mep^ 
liecauiie  it. treats  of  the  well  known  arid  mucljL, 
ufcd  animal  liquor,  milk.     I  had  only  to  choofe 
mniing  the  numerous  refults  which,  the  hiftopy 

of 
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of  the  fcience  prefented  to  me.  This  article 
ueverthelefs  contains  a  feries  of  fads  which  are 
due  to  me.  I  have  divided  it  intd  eight  para* 
graphs,  in  which  I  hav^  fucceffively  examined, 
1ft,  the  natural  hiftory  and  the  formation  of 
milk ;  2d,  its  phyfical  properties ;  3d,  the  che- 
mical analyfis  of  milk  intire;  4th,  that  of  fi>: 
rum  or  fkimmed  milk ;  5th,  the  cafeous  matter ; 
6th,  the  buttery  fubftance ;  7th,  the  difFereht 
fpecies  of  milks  employed  ;  8th,  laftly,  the  QQOr. 
nomical  and  medicinal  ufes.of  that  liquid.. ;.-  ; 

In  the  XXth  article,  I  begin  the  examinat- 
ti6n  of  the  animal  matters  belonging  to  the.  alH) 
dominal  region  with  that  of  the  gaftric  and  panir. 
creatic  juices,  liquids  concerning  which agjrieit 
many  fabulousv accounts  have  been  given, .  afedt 
the  former  of  wjiich  only  began  within  a;  few. 
years  ^o  be  fubmitted  to  a  feries  of  experi'* 
mental  refearches.  v 

The  XXIft  article  treats  of  the  bile;  this  is: 
one  of  the  animal  humours,  which  is  leaft  known* 
I  have  divided  its  hiftory  into  feven  paragraphs; 
namely,  1ft,  the  fecretion  of  the  bile  j  2d^  its 
phyfical  properties ;  3d,  its  chemical  properties ; 
4th,  examination  of  its  different  eonftituent. 
materials,  fingly  confidered ;  5th,  the  varieties 
of  the  bildin  different  animals ;  6th,  its  ufes^in 
the  animal  economy ;  7th,  laftly,  its  medicin^ 
and  economical  ufes.  Here,  as  in  all  the  ^her 
articles  relative  to  animal  chemiftry,  while  I; 
have  related  whatever  chemifts  have  faid  con- 
cerning the  bile,  I  have  alfo  detailed  the  refults. 

of 
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of  my  particular  refearches,  and  have  iho  wn  pf 
how  great  ufe  the  exaft  knowledge  of  this  li-^ 
ijuid  is  to  phyfiology  and  to  pathology.  I  have 
particularly  infiftoi  on  the  concrefcible  oil  and 
the  bitter  colouring  matter  of  the  bile,  as  \tell 
as  on  the  falts  it  holds  in  folutioui  and  the  va« 
riety  of  fiates  which  it  prefents. 

The  XXIId  article,  which  treats  of  the  biliar- 
ly  calculi,  may  be  regarded  as  entirely  new, 
becaufe<:hemifts  have  written  fcarcely  any  thing 
concerning'  it  hitherto,  and  becaufe  they  have 
been  the  fubje6t  of  feveral  •  difcoveries  peculiar 
to  myfel£  From  their  well  known  nature,  de- 
termined, by  my  analyfis,  I  have  derived  aT  me- 
thod of  claffing  thefe  concretions,  with  other 
important  confidei'ations  refpeding  their  caufe, 
their  formation  and  their  treatment. 

In  the  XXIIId  article,  I  fpeak  of  c6rtaiti 
matters  belonging  to  the  vinteftines  and  yet 
very  little  known,  fuch  as  the  inteftinal  hu* 
mour,  the  chyle,  the  excrements,  the  inteftinal 
gas  and  calculi.  I  do  not  forget  to  ftate  the 
utility  and  importaiice  of  refearches  made  on 
thcife  fubftances. 

In  the  XXIVth  article  I  have  combined 
whatever  is  at  prefent  kno%vn  concerning  cer- 
tain liquors  peculiar  to  the  foetus,  fuch  as  the 
liquor  of  the  amnios,  the  cutaneous  covering 
which  envelops  it,  the  fubrenal  humour  and  the 
meconium.  Theje  is  none  of  thefe  liquids 
which  may  not  become  the  fubject  of  valuable 
experiments,  if  we  may  form  ajudgnient  from 

what 
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what  has  juft  been  difcovered  by  Citizens  Vau- 
quelin  and  Buniva  concerning  the  liquor  of  the 
amnios.  I  have  given  in  detail  the  hiftory  of 
this  laft  difcovery. 

The  XX Vth  article  contaiiis  the  chemical 

examination  of  urine.     The  importance  of  this 

part  of  animal  chemiftry,    the  numerous  re-- 

fearches  of  which  it  has  been  the  fubjed  during 

a  century,  the  difcoveries  which  it  has  given  an 

opportunity  to  Citizen  Vauquelin  and  myfelf 

to  make,  and  particularly  the  grand  applica-^ 

tions  of  thefe  difcoveries  to  animal  phyfics,  have 

engaged  me  to  treat  of  this  liquor  with  alf  the 

extent  it  requires.     I  have  divided  this  article 

into  fix  paragraphs,  which  treat,  1ft,  of  the  forr 

jnation  of  urine ;  ed,  of  its  phyfical  properties ; 

Sd,  of  the  hiftory  of  the  fucceffive  difcoveries 

to  which  it  has  given  birth ;  4th,  of  its  che-^ 

mical  properties  and  of  its  analyfis ;  5th,  of  the 

matters  which  are  contained  in  it,  confidercd 

particularly  after  each  other ;  6th,  of  the  urie^ 

a  name  which  I  have  given  to  a  fubftance  dif» 

ferent  from  every  other  animal  matter,  and 

which  charaderifes  urine ;  7th,  concerning  the 

varieties  of  that  liquid  in  the  different  circum-? 

ftances  of  life  j  8th,  its  differences  in  animals  j 

pth,  application  of  the  ncAv  chemical  fa6fa  which 

relate   to  it,  to  the  phi^ofophy  of  the  human 

ftrufture ;  10th,  laftly,  concerning  its  medicinal, 

chemical   and   economical  ufes.     In  this  me* 

thodical  arrangement,  all  the  notions  at  prefent 

acquired  concerning  urine  are  included ;  and^ 

by 
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by  reading  it  with  proper  attention,  the  ftudent 
will  foon  difcover  that  no  fubftance  is  better 
entitled  to  the  attention  of  philofophers  than 
this  Angular  produ6t  of  animalization,  deftined, 
when  it  ihall  be  ftudied  with  all  the  care  which 
it'deferves,  to  afford  a  folution  of  the  moll  dif- 
ficult problems  of  phyfiology  and  the  art  of 
healing. 

The  fame  obfervations  apply  to  the  XXVIth 
article,  which  comprehends  the  chemical  hif- 
tory  of  human  urinary  calculi.  The  number 
and  importance  of  the  new  fa6l  swhich  their  ana- 
lyfis  has  prefented  to  Citizen  Vauquelin  and  my- 
fclf,  have  induced  me  to  divide  this  article  into 
eight  paragraphs.  I  there  confider  fucceffi vely,. 
1ft,  what  has  been  done  already  concerning 
thefe  concretions  ;  2d,  their  fituation  and  phy- 
iical  properties ;  3d,  their  diiferent  conftituent 
materials  ;  4th,  their  claffification  according  to 
their  nature ;  5th,  the  caufes  of  their  formation ; 
6th,  their  folverits  or  the  lithontriptics  ;  7th,  the 
urinary  calculi  of  animals ;  8th,  the  arthritic 
concretions  of  man,  the  relations  of  which  with 
the  urinary  calculi  have  for  fo  long  a  time  en- 
gaged phyficians.  This  article,  one  of  the  nioft 
original  in  the  book,  is  particularly  adapted  to 
ihew  the  great  influence  which  chemical  ana- 
lyfis  ought  to  have  on  the  problems  of  the  ani- 
mal economy. 

The  XXVIIth  article  treats  of  the  liquor  of 
the  proftata,  which  has  not  yet  been  analyfed, 
^nd  pf  the/perijiatic  liquor,  concerning  which 

Citizen 
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Citizen  Vauquelin  has  publifhed  a  very  inte- 
refting  work,  though  its  refults  do  not  yet  give 
any  light  that  can  enable  ns  to  conceive  the 
myftery  of  generation. 

The  XXVIII,  XXIX,  XXX,  XXXI, 
XXXII,  XXXIII,  and  XXXIVth  articles, 
which  terminate  the  third  order  of  this  fefiion, 
are  employed  on  the  explanation  of  fome- pecu- 
liar animal  matters,  which  medicine  and  tljc 
arts  extra6i  from  mamnriferous  animals,  birds,- 
r<eptiles,  &SitSy  mollufca,  infedis,  worms  and 
zoophytes.  From  ivory  to  the  fponge,'  forty 
animal  fubftances,  derived  from  different  claffes 
of  animals,  are  prefented  in  this  article,  treated 
rapidly,  and  compared  with  thofe  which  are 
analogous  to  them  in  the  body  of  man. 
.  The  fourth  and  laft  order  of  fa6te  of  the 
eighth  fe^iion  has  for  its  objeft  one  of  the  moft 
valuable  applications  of  chemiftry— that  which, 
refulting  from  all  the  preceding  details,  is  cah 
culated  to  enlighten  animal  phyfics.  Under  the 
title  of  the  chemical  phenomena  which  living 
animals  prefent,  I  have  not  intended  to  treat 
of  the  whole  of  phyiiology  ;  I  have  only  been 
defirous  of  fhowing  what  light  chemiftry  can 
afford  for  the  knowledge  of  the  animal  func- 
tions, to  prove  the  indifpenfable  neceffity  of  its 
affiftance  in  thefe  refearches,  and  I  have  treat- 
ed in  twelve  articles  the  generalities  of  its  ap^ 
plications. 

In  the  firft,  I  explain  the  exiftence  of  the 
chemical  phenomena  in  the  life  of  animals. 

In 
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In  the  fecond,  I  defcribe  the  phenomena  of 
this  kind  which  take  place  in  refpiration,  that 
of  the  fulidiions  in  which  they-  have  been  evi- 
deatly  obferved  and  better  defcribed  in  confe-? 
quenceof  the  inodiern  difcoveries. 

In  the  thirds  I  treat  of  thofe  which  take  place 
in  circulation  ;  the ,  nature  and  changes  of  t^e 
UpodJn  the  different  regions,  particularly  in 
the  arterial  and  Veinous  fy ftems,  more  efpecially 
^g^^  the  pref^t  article. 

Iq  the  fburth,    I  confider  the  chemiftry  of 
[:iQn,,;.anidi  ihow  that  this    fcience    alc^ne 
caaji  exactly  and  completely  explain  its  true 
mechariifm^  ■  •      . 

The  fifth  article  treiats  of  fecretion  and  tran^ 
^iration.  :  The  hijftory  of  this  laft  prefents, 
when  chemically  coiifidered^  refulti  which  are 
very  new  and  v?ery»  different  from  what  has  hSn 
^erto  Wen  ihied  refp*6l'ing  it 

The  fixth  article  fhaws  the  chemical  pheno* 
mena  of  imtrition^  which  in  effeft.  confifts  in:  an 
appropriation  and  concretion  of  the  liquids 
conveyed  in  each  organ. 

•  The  feventh  fhows  that  the  exercife  of  the 
mufcular  irritability  may  very  well  depend  on 
a  chemical  power,  and  begins  to  diflipate  at 
feaft  the  hitherto^  impenetrable  obfcurity  of  that 
ftm&icm  which  is  ftill  fo  little  known, 
•  The  •  eighth,^  in:  treating  of  fenfibility  and  of 
the.princ^aliin^tion  of  the.  nerves  and  of  the 
brain,  proves  that  many  data  are  flill  wanting 
to  enable  U9  to  conceive  its  mechanifm. 

The 
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The  fame'  tonclufion  is  found  in  the  iXth 
article,  relative  to  generation,    - 

This  however  is  not  the  cafe  with  offiification, 
the  fubjeO;  of  the  tenth  article.  The  an^alyfi^ 
of  bone,  fo  well  made  at  prefeiit,  throws  a  very 
llrong  light  on  this  funftion  as  ^dl  as  oil  ihe 
difeafes  of  the  org-ans  which  execute  it.  I  have 
been  paitiicularly  careful  of  this  article,  on  aii- 
count  of  the  intereft  which  it  excites  and  the 
iiew  profpefts  to  which  it  has  given  birth.    • 

In  the  eleventh  article,  I  have  ffcetched  the 
difference  which  the  diverfity  of  the  ftrufture-of 
annuals  pxoduces  in  the  chemical  phenomelia.- 
It  has  feemed  ufeful  to  me  to  fliow  that  die, 
organs,  differently  conftituted  in  the  different 
claflTes  of  animals,  mufl  caufe  modifications  ifi 
the  chemical  phem)n!iaiawiiich  accompahy  their 
life,  and  depend  upon  6r  fupport  it.  •: 

Laftly,  the  objeft  of  the  twelfkh^and  Ikfl'^iti^ 
cle  has  for  its  aim :  to.  prove-  that  thtere  exifts, 
in  difeafes,  chemical  phenomena,  the  f?udy  of 
which  may  enlighten  our  knowledge; of  the  na-- 
ture,  the  caufes,  and  confequently  of  the  treat-* 
ment  of  thefe  affeftions. 

This  article,  the  8th  and  laft  fe^lion  of  the 
work,  ferves  to  announce  how  greatly  Aniinal 
Chemiftry,  to  which,  for  a  number  iof  years,  I 
have  paid  the  moftprofoundiattchtioh,  is  advano^ 
ed,  and  how  much. this  pfefeiit  <ireatift  goes  Be- 
yohd  every  other  which  has  yet  iitdn  publiihed, 

:.     .    ^    .  .  .         ^  •    .         ,    .  .  ;  I  i    V,    •■  I  I     r.  .)  .'  ./  ....      , 


SUCH  is  the  method  which  I  have  followed 
in  the  work  now  prefented  to  the  world ;  and, 
on  reading  with  attention  the  eight  notices 
which  precede  it,  and  reflefting  oft  the  courfe 
I  have  followed,  it  will  be  found  that  my  in- 
tention has  been, 

1.  To  unite  a  greater  munber  of  chemical 
fafts  together  than  has  yet  been  collected  in 
any  work  which  has  come  to  my  knowledge. 
.  2.  To  prefent  them  with  all  the  proofs  and 
all  the  developments  of  which  they  are  fuf- 
ceptible. 

.3.  But  neverthelefs  to  prefent  them  almoft 
independent  of  the  connected  and  analytical 
liiftgry  of  thofe  difcoveries  which  have  given 
them  to  philofopher^ ;  or  of  the  pra6lical  and 
experimental  manipulation,  by  means  of  which 
they  may  be  reproduced^  or  the  applications 
which  may  be  made  of  them  to  fciences  and  the 
arts. 

4*  By  thefe  means,  to  detach*  the  theoretic 
part  of  the  fcience  from  its  hiftory,  its  praftice, 
and  its  applications;  or,  at  leaft,  to  borrow 
nothing  from  either  of  thofe  parts  of  chemiftry 
confidered  in  its  totality,  exqept  what  may 
have  appeared  to  me  to  be  indifpenfably  ne- 
ceffary,  either  for  properly  apprehending  this 
theory^  or.to  Ihow  its  prOgrefs,  its  proceffes  and 
its  ufef uL  bbjefts. 

5.  To  difpofe  thofe  fadls,  or  chemical  truth% 
inan^worder ; — not  that  of  the  naturalifts,  nor 
any  order  borrowed  from  the  other  fciences, 
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arts,  or  even  colleftion  of  arts ;  hoteever  copi- 
ous the  means  of  fuch  arts  may  be. 

6.  To  eftablifh,  by  this  means,  a  new  order 
naturally  chemical ; — an  affemblage  of  which 
all  the  parts  fliall  be  intimately  connefted  with 
each  other.  Ai^d,  for  this  reafon,  I  hare  en- 
titled my  treatife,  A  System  of  Chemical 
Knowledge. 

7.  But  never thelejTs,  to  ihow  the  fcience  in 
Its  greateft  latitude,  in  all  its  fublifnity,  mak^ 
ing  its  way,  as  it  were,  by  the  affiftance  of  that 
genius  which  has  created  it,  and  which  aggran- 
dizes it  daily  beyond  moft  other  ftjiences,  and 
enlightening  them  by  its  luminous  confequen- 
ces ;  for  which  reafon  I  have  added  to  the  title, 
A  System  of  Chemical  Knowledge,  the 
words.  And  its  Application  to  the  Phe- 
nomena OF  Nature  and  of  Art,  in  order 
to  fhow  that  this  fcience  confiders  equally  that 
which  paiTes  in  the  great  laboratories  of  the  at- 
mofphere,  in  the  waters  and  in  fubterraneous 'ca- 
vities J  among  minerals,  among  vegetables  aad 
among  animals ;  as  well  as  that  which  is  per- 
formed on  all  the  natural  produftions  in  the 
work/hops  of  the  arts, 

8.  Andj  laftly,  to  ihow  how  far  the  human 
mind,  affifted  by  all  the  iriftruments  atid  all  the 
machines  which  the  art  of  experimenting^  has 
created  for  more  than  a  century  paft,  has  drf* 
danced  in  the  determination  of  effe^s  and  the 
changes  which  all  bodies  undergo  from  the  im^ 

tond 
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taral  effort  which  impels  their  particles  towards 
each  othen 

9.  To  accomplifh  this  plan  to  the  utmoft 
extent  which  my  means,  my  faculties,  and  my 
zeal  for  the  progrefs  of  chemical  fcience  have 
allowed,  the  reader  will  be  miftaken  if  he  fhould 
apprehend  that  I  have  limited  myfelf  to  colle6t 
the  materials  contained  in  fuch  works  as  have 
preceded  this.  I  have  certainly  negleO^d  none 
of  the  abundant  fources  which  the  writers  of 
chemiftry  have  laid  open ;  more  efpecially  du* 
ring  the  courfe  of  the  18th  century.  I  have 
not  omitted  to  confult  tlie  authors  of  preceding 
.times,  though  I  have  found  in  them  much  left 
of  accurate  refult  than  in  the  works  of  my  con- 
temporaries. Thefe  laft,  and  more  efpecially 
my  own  countrymen,  who  have  done  fo  much 
during  the  laft  fifty  years  for  the  advancement 
of  chemiftry,  have  more  particularly  fupplied 
me  with  a  great  number  of  truths ;  and  without 
their  efforts  it  would  have  Been  impolTible  for 
me  to  have  formed  even  an  idea  of  my  fyftem* 
But  this  treatife  does  not  refemble  a  great  num^ 
ber  of  thofe  which  are  confined  to  the  ftudy  or 
demonftration  of  the  elements  of  fcience.  It 
inuft  not  be  confounded  with  mere  compila- 
tions; however  great  the  merit  and  the  talent 
required  in  their  authors  for  this  kind  of  work, 
when  they  render  the  materials  their  own  by 
the  connexion  of  ideas  with  method  and  the 
.  mutual, elucidation  .of  fads.  I  muft  even  fay, 
Hs^t,  in  many  refpe6b;  the  greater  number  of  the 

chemical 
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chemical  truths  exhibited  in  this  fyftcm  are  my 
Own  J  either  on  account  of  the  difcovery  of  th« 
fa6ls  they  exhibit,  the  manner  in  which  I  have 
reviewed  or  confidered  them,  or  the  new  refultg 
which  I  have  obferved  in  moft  of  thofe  ti^hich 
had  been  before  difcovered.     That  indifference 
which  fome  men  of  merit  are  too  much  difpofed 
to  ihow  for  elementary  or  fyftematic  works,  the 
hafty  arid  often  too  fevete  judgment  which  they 
deliver  on  thofe.produ6lions  by  confidering  them 
as   colleftions  of   fa6ls  already   known; — the 
method,  which  fome  men  ftill  more  unjuft  have 
adopted,  of  borrowing  from  treatifes  more  or 
lefs  complete,  paffages  which  they  afterwards 
offer  as   original;  and   ftill  more,  the  liberty 
which  fo  many  pupils  take,  either  by  uncon- 
fcious   recoUeftion  or  decided' illiberality,    to 
appropriate  to  themfelves  thofe  fa6ls  which  are 
preferited  in  public  .or  private  leftures,  without 
quoting  the  fource  to  which  they  are  indebted, 
oblige  me  to  declare  in  this  place,  that  my  fyf- 
tern  includes  a  feries  of  difcoveries  and  obferva-* 
tions  which  are  my  own,  whether  they  be  ex* 
tracled  from  memoirs  which  have  been  already 
publiflied,  or  ^>^hether  inferted  for  the  firft  time 
m  this  work.     The   uninterrupted  labour  of 
twenty-five  years,  a  great  number  of  cotinefted 
refearches  upon  the  alkalis,  falts,  mineral  wa- 
ters, metallic  folutions,  vegetable  matters,  and 
more  efpecially  animal  fubftances,  and  the  per- 
petual opportunities  which  have  offered  of  re** 
pelting  former  experiments,   and   modifying 

then 
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them  in  nrnny  different  ways,  have  led  me  to  a 
great  number  of  difcoveries,  and  the  learned 
world  has  already  been  enabled  to  judge  of  the 
new  manner  in  which  thofe  labours  have  al- 
lowed me  to  modify  the  Elements  of  Chemiftry, 
of  which  the  laft  edition  was  publiihed  eight 
years  ago* 

It  is  not  therefore  alone  by  the  courfe  or 
method,  though  indeed,  entirely  different  from 
thofe  which  have  hitherto  been  adopted  in 
works  of  chemiftry,  that  my  fyftem  of  chemi-^ 
Gal  knowledge  ought  to  be  chara6lerized.  Nei- 
ther ought  it  to  be  confidered  merely  as  a  more 
extended  and  complete  colleftion  of  chemical 
fafis.  The  attention  of  the  reader  muft  alfo  be 
direfted  to  a  number  of  new  truths,  of  fads  hi- 
therto unknown,  and  difcoveries  which  belong 
tomyfelf  In  order  to  fecure  this  property  in 
the  region  of  chemical  fafts,  I  might  give  an 
extended  lift  of  all  the  memoirs  which  I  have 
not  ceafed  to  publifli  during  twenty  years,  in 
the  volumes  of  the  Academy  of  Sciences,  the 
Society  of  Medicine,  the  Annals  of  CHemiftry, 
La  Medicine  Eclair6e,  and  various  other  na- 
tional or  foreign  colle6iions.  But  this  exhibi- 
tion is  not  necefTary  for  thofe  who  are  attached 
.  to  the  fciences,  and  look  every  where  for  new 
produ6lions»  I  have  alfo  announced,  at  le^fi> 
in  part  in  the  preceding  notices,  what  apper- 
tains to  myfelf  in  each  article.  It  will  be  fuf- 
ficient,  in  order  to  afford  a  better  jlulgment  on 
the  nature  of  the  prefent  work  and  to  remove 

Vol.  L  0  or 
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or  weaken  the  notion  of  mere  compilatioil 
which  many  readers  adopt  on  the  fimple  title  oi 
a  fyftematical  treatife,  to  remat-k,  that  the  pre- 
fent  contains  a  great  number  of  things  which 
are  peculiarly  my  own,  and  which  have  nevet 
yet  been  mentioned  in  any  work. 

Twenty-five  years  of  ftudy,  and  of  continued 
labour  without  interruption,  have  enabled  me  to 
colle6t  the  materials  of  this  fyftem  of  chemical 
knowledge.  I  have  been  employed  in  drawing 
it  up  fince  the  year  1793;  part  was  written 
during  the  times  of  public  misfortune  and  pro- 
fcription,  of  which  it  ferved  to  foften  the  hard- 
ihips.  While  my  country,  a  prey  to  Vandalifm 
and  tyranny,  beheld  its  citizens  oppreffed  be- 
neath the  yoke  of  a  defpotifm,  the  more  horrible 
as  it  aflfefted  the  forms  and  the  infignia  of  li- 
berty ; — when  every  heart  clofed  to  focial  en- 
joyment, and  almoft  to  the  hope  of  better  prof* 
pe6ls,  refufed  even  this  laft  comfort  of  the  unhap- 
py, I  was  almoft  infenfible  of  the  weight  of  public 
diftrefs  in  the  charms  of  ftudy  and  of  folitary 
exertion.  A  ftranger  to  the  parties,  to  the  fac- 
tions, which  defolated  the  rifing  republic,  .and 
fo  often  placed  it  in  danger  of  perifhing ;  in  the 
midft  of  tumult  and  civil  difcord  ;  occupying, 
contrary  to  my  inclination,  a  place  in  which  a 
man  of  principles  could  only  lament  the  infufli* 
ciency  of  his  means,  and  in  which  talents,  vir- 
tue, courage,  ufelefs  to  the  public  welfare,  had 
no  othe^^i^fource  to  efcape  the  effeft  of  the 
mqft.^.^trpcibus  paffions  than  to  conceal  them- 
:.  felves. 
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felves.  Alone,  and  infulated  in  the  midft  of 
the  agitated  and  tioify  crowd,  with  whicih  I  was 
furroiinded,  I  comforted  myfelf  in  fome  mea- 
fure,  and  weakened  the  ftrong  fentiment  df 
public,  mifery  by  fixing  my  attention  on  the 
produftion  of  the  prefent  fyftem. 

The  lefs  unhappy  times  which  fucceeded  the 
fortunate  epoch  of  the  lOthThermidor,  in  the 
year  2,  allowed  me  to  work  with  greater  ardour 
and  affiduity  upon  this  treatife.  I  finifhed  it 
in  the  laft  two  years  of  liberty^  which  my  quit- 
ting the  legiflative  body  allowed  me. 

At  length,  the  1 8th  Brumaire  fhone^  forth 
upon  France.  The  impreffion  of  this  work, 
which  was  already  begun,  but  had  been  inter- 
rupted for  fome  months  on  account  of  difficult 
circumftances,  then  refumed  a  new  a6livity. 
This  great  undertaking,  namely,  the  publica- 
tion of  ten  volumes  in  oftavo  and  five  in  quarto^ 
of  which  few  perfons  know  how  to  eftimate  the 
difficulties,  was  terminated  with  courage  and 
condufl:  as  well  as  with  fagacity,  by  the  printer 
who  undertook  it.  A  witnefs  to  the  exertions 
he  was  obliged  to  make,  as  well  as  thofe  which 
he  d6es  not  ceafe  to  make  for  the  memoirs  of 
the  Inftitute,  I  muft  do  Citizen  Bauduoin,  who 
has  connected  his  profpeds  with  the  fate  of  my 
work,  the  juftice  to  obferve,  that  he  has  not 
been  difcouraged  by  any  of  the  difficult  cir- 
cumftances which  have  impeded  him  more  than 
once ;  but   that  fuperior  to  obftacles  of  more 
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than  one  kind,  lie  has  furmounted  them  by  his 
aftivity  and  his  knowledge  in  typography. 

My  fyftem  appears  at  a  period  which  :ihall  be^ 
teiiowned  in  the  annals  of  the  worlds  The 
laft  days  of  the  eighteenth  century  are  come. 
The  fpirits  of  men,  awakened  by  luminous 
wprks'  which  have  illuftrated  every  branch  of 
buman  knowledge  and  more  particularly  natu* 
ral  fcience,  are  now  direded  to  new  and  more 
elevated  conceptions.  A  new  order  of  things  is 
prepared  for  the  nineteeth  century  which  has 
now  advanced.  The  nations  more  advanced 
in  civilization,  appear  difpofed  to  great  changes 
which  ttiuft  ameliorate  their  fate.  The  terrible 
experiment  which  France  has  made  during  ten 
years  of  revolution ;  the  dreadful  events  of 
which  that  land  has  been  the  theatre ;  the  er- 
rors Ihe  has  committed  and  which  have  torn 
her  vitals, -^will  ferve  as  an  example  and  lefTon 
for  the  reft  of  Europe.  Inftrucled  by  the  fa- 
crifices  which  the  conqueft  of  her  liberty  has 
coft  her,  other  nations  will  reprefs  the  dreadful 
paflions  of  which  France  has  been  the  viftim. 
They  will  not  fuffer  themfelves  to  be  deftroyed 
by  fadions.  They  will  avoid*  thofe  outrages 
which  have  fo  often  brought  us  to  the  brink  of 
deftru6lion.  They  will  apply  to  the  acquilitions 
of  knowledge,  the  influence  of  philofophy  and 
the  clear  light  of  reafon  ;  and  they  will  apply 
thofe  energies  alone  to  the  perfe6tion  of  civil 
focicty  and  the  advancement  of  human  intel-- 
ligcnce. 

The 
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The  Jierb  whbm  France  has  chofen  for  ,  thd 
chief  bf  lier  government,  fhkll  eftablilh  her  ro- 
pole  arid"  dignity,  by  the  power  of  his  genius; 
His  labours  for  her  profperity  ;  the  liberarprin- 
ciples  ^hich  dire6l  his  plans,  will  conviey  to  tli^  . 
whole  world,  by  the  glory  of  his  name  and'  the 
wifdom  of  his  adminiftration,  that  ini&g[e  of 
happinefs  to  which  nations  may  arrive  when 
their  governors  poffefs  elevation  of  mind,  the 
power  of  knowledge,  the  energy  of  courage, 
purity  of  manners,  and  the  love  of  every  thing 
which  is  elevated  and  admirable. 

Peace  will  fpeedily  clofe  the  wounds  which 
a  cruel  war  has  made  on  humanity.  Soon  will 
the  confolation  of  the  arts  repair  the  evils  and 
obliterate  the  calamities  which  have  oppreffed 
Europe  for  ten  years.  The  fciences,  after  r^- 
fifting  all  the  difafters  of  war  under  whJch  they 
have  languiflied,  will  refume  new  a6livity.  Che- 
miftry,  which  at  prefent  compofes  fo  extenfive 
a  part  of  thefe  fciences,  will  continue  to  be 
cultiv^ated  with  incrcafing  ardour.  France  the 
land  in  which  her  growth  has  been  fo  rapid;— 
which  has  for  the  laft  twenty-five  years  been 
more  particularly  her  refidence — France  which 
to  every  other  description  of  fame,  adds  that 
of  liaving  renewed  and  reformed  this  fcience 
fo  ufeful  to  man,  will  be  careful  to  prefer ve 
the  fuperiority  Ihe  has  affumed  in  its  cultiva* 
tion.  Chemiftry  which  has  now  become  an 
eflential  part  of  the  objefts  taught  iii  all  the 
fchools,  will  gradually  extend  itfelf  through 
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all  the  claffes  of  fociety,  and  while  advances  of 
this  fcience  towards  perfe6iion,  by  the  difco- 
veries  of  learned  men,  ihall  proceed  with  un- 
abated rapidity,  it  will  give  additional  light  to 
all  the  manufadures  and  works  of  which  the 
profperity  is  fo  intimately  connected  with  its 
pi:ogrefs.  . 
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SECTION  FIRST. 

The  Jirji  Principles  of  Chemical  Science. 
Generalities^  and  IntroduSiion. 


f  Article  I. 

JDefinition  of  Chemiflry;  its  various  Denominations; 
its  Relations  and  Differences  with  Regard  to  the  other 
Sciences. 

1.  1  H  E  true  etymology  and  origin  of  the 
^vord  Chemiftry  is  abfolutely  unknown.  Botli 
are  enveloped  in  myftery,  and  loft  in  the  dark- 
nefs  of  ^ges  paft.  Some  hiftorians  of  this  fci- 
ence  fuppofe  its  name  to  be  derived  from  the 
word  Kema,  the  pretended  book  of  fecrets,  en- 
trufted  to  women  by  the  demons  ;  others  derive 
it  from  Cham,  the  fon  of  Noah,  from  whom 

Egypt 
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Egypt  reteived  the  name  Ch^mia,  or  Chamia ; 
fome  attribute  it  to  Chemnis,  king  of  the 
Egyptians  ;  and  others  deduce  it  from  the  word 
X^MOf,  (humor)  which  fignifies  juice,  becaufe 
they  fuppofe  it  to  have  commenced  with  the  art 
of  preparing  juices,  or  from  the  other  Greek 
word  x^«,  %^«,  (fundo)  I  melt ;  becaufe,  ac- 
cording to  them,  it  is  the  daughter  of  the  art 
of  fmelting  the  metals. 

2.  Chemiftry  has  alfo  been  denominated  the 
Hermetic  art  or  fcience,  becaufe  its  origin  is 
attributed  to  the  wife  Egyptian  Hermes  :  or 
alchemy,  when  it  is  made  to  confift  in  the 
fearch  after  the  art  of  producing  gold  ;  for  the 
fame  reafon  it  is  like  wife  called  chryfopeia^  and 
argyropeia ;  pyroiechny,  becaufe  much  ufe  i& 
made  of  fire,  the  efte6i  of  which  it  ihows  how 
to  direft ;  the  fpagyric  art,  derived  from  two 
Greek  words,  one  of  which  fignifies  to  feparate, 
and  the  other  to  unite  again,  becaufe,  Ji^ad):^ 
it  feparates  and  re-unites  the  elements  oi  bo* 
dies. 

3.  Authors  have  been  almoft  as  much  at  va- 
riance with  refpe6t  to  the  definition  as  to  the 
origin  and  etymology  of  chemiftry.  Some 
have  confined  it  only  to  the  art  of  examining, 
extrafting  and  purifying  bodies,  particularly 
metals ;  others  have  only  confidered  it  as  that 
of  preparing  remedies.  It  is  only  fince  the 
middle  of  the  eighteenth  century  that  Chemif- 
try has  been  confidered  as  the  fcience  which 
afcertains  the  principles  of  which  bodies  are 
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compofed,  and  their  different  nature.  But 
even  this  laft  definition  is  not  accurate,  becaufc 
it  neither  comprifes  all  the  produftions  of  na- 
ture, the  principles  of  fome  of  which  are  un- 
known, nor  all  the  means  of  the  fcience,  which 
are  not  confined  merely  to  the  feparation  of 
the  conftituent  parts  of  bodies. 

4.  The  true  definition  which  ought  to  be 
given,  in  the  prefent  ftate  of  the  fcience,  is 
much  more  general.  The  following  is  what 
I  liave  adopted  for  the  laft  tAwnty  years. 
Chemiftry  is  a  fcience  by  which  \ve  become,  ac- 
quainted with  the  intimate  and  reciprocal  ac- 
tion of  all  the  bodies  in  nature,  upon  each 
other.  By  the  words  intimate  and  reciprocal 
oBiorij  the  fcience  is  diftinguifhed  from  expe-^ 
rimental  philofophy,  which  only  confiders  the 
exterior  properties  of  bodies,  poffeiTmg  a  bulk 
or  mafs  capable  of  being  meafured,  xrbereas 
chemiftry  relates  only  to  the  interior  proper* 
ties, '  and  its  aftion  is  confined  to  particles 
whofe  hulk  and  mafs  cannot  be  fubjeded  to  ad- 
meafurement  and  calculation. 

5.  Chemiftry  is  a  fcience  diftin6l  and  fepa- 
rate  from  all  others  ;  it  can  no  longer  be  con- 
founded with  alchemy,  whicli,  even  if  fuecefs- 
ful,  would  be  only  one  of  its  experiments ;  nor 
with  metallurgy,  which  is  but  a  chemical  •  art ; 
nor  with  pharmacy,  which  is  only  one  of  its 
branches ;  nor  with  natural  philofophy,  which 
ought  to  precede  its  inquiries,  without  the  be- 
ing able  to  dire6i  its  caufe  \  nor  with  medicine^ 

which 
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which  derives  from  it  much  information,  but 
merely  with  a  view  to  apply  it  to  animal  phy- 
fics,  and  the  action  of  all  bodies  aipon  that  of 
man  and  animals  ;  nor,  in  fhort,  can  it  be  con- 
founded with  any  art,  however  ingenious  and 
extenfive  in  its  means  and  refults.  The  fcience 
of  chemiftry  may,  and  a6lually  does,  enlighten 
all  the  natural  fciences,  and  all  the  proceffes  of 
manufa6lure,  purification,  and  extraftion,  prac- 
tifed  in  the  arts,  by  which  the  intimate  proper- 
ties of  natural  fubftances  are  modified. 

6.  Its  manifeft  aim,  in  inveftigating  the 
intimate  mode  of  action  exercifed  by  the  par* 
tides  of  different  bodies  upon  each  other,  is  to 
determine  the  refult  of  that  a6lion,  the  changes 
which  it  produces  in  the  properties  of  bodies, 
the  quantity,  the  proportion,  the  order  of  com- 
bination  of  the  different  elements  which  con- 
ftitute  the  natural  compounds,  the  manner  of 
acquiring  a  perfeft  knowledge  of  their  compo- 
fition,  the  different  degrees  of  force  with  which 
the  various  bodies  tend  to  combine,  or  have 
been  united  by  nature,  and  on  acquiring  thefe 
firft  refults  to  enable  the  philofopher  to  feize 
the  true  diftinfilive  charafters  of  the  produftions 
of  nature,  the  manner  in  which  they  are  fonn-. 
ed,  deftroyed,  and  changed  in  the  phenomena 
of  our  globe,  as  well  as  the  numerous  refources 
which  they  afford  to  fatisfy  the  wants  of  man ; 
from  thofe  Avhich  are  indifpenfable  to  the  fup- 
port  of  his  exiftence,  to  thofe  others  invented 
by  the  efforts  of  genius,  to  the  advancement 

of 
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of  human  reafon,  and  the  enjoy ments^ ;  of  civi- 
lized life. 
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Article  IL 

Divifiom  and  Branches  of  Chemijlrif. 

1.  SINCE  cliemiftry  has  become  applicable 
to  moft  of  the  arts  and  fciences,  and  capa- 
ble of  extending  their  limits,  fmce  its  fphere 
has  been  enlarged,  and  its  dominion  aggran- 
dized by  the  modern  difcoveiies,  the  nec«flity 
has  been  felt  of  particularly  confidering  its  diffe- 
rent branches,  and  of  dividing  them  into  feverat 
departments,  which,  without  foiming  feparate  or 
infulated  fciences,  have  the  advantage  of  pre- 
fenting  a  variety  of  appHcations,  arid  of  ex- 
hibiting its  whole  utility  at  the  fame  time,  ■ 

2.  It  is  now  no  longer  a  queftiori  whether 
this  fcience  Ihould  be  divided  only,  into  thed- 
retical  and  pra6lical  chemiftry ;.'a'^diftin6iilMt 
which  formerly  was.  the  only  one  adtaitted^' 
wliich  was  even  the  natural  divifion  of  the 
moil  eftimable  works  on  chemiftry,; '  partictt-^ 
larly  thofe  of  Boerhaave,  Senac,  and  J^IacJ-^ 
quer.  Such  a  divifion  is  more  detrimental 
than  ufeful  to  the  progrefs  of  fcience;  as  it 
tends  to  Separate  parts  which  ought  to*  remaiil 
iufeparable.  Theory,  withoiit  praAice  would 
proceed,  as  it  were,  ..blindfold,  while  pra6liice 
in^ithout  conducing  tojtlteory,  would  be  only  a 
y^n  jnanoeuvre^  without  any  effdftual  object; 
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3.  In  the  prefeht  advanced  ftate  of  the  fci- 
cnce'  I  diftinguifli  eight  principal  branches  of 
chemiftry,  which,  by  comprifing  the  whole  fub- 
jeft,  afford  at  once  the  exa6l  outline,  and  the 
whole  of  its  details.  Thefe  eight  branches  are 
philofophical  chemiftry,  meteorological  che- 
Htiftry,  mineral  chemiftry,  vegetable  chemiftry, 
animal,  chemiftry,  pharmacological  chemiftry^ 
manufa6fcuring  chemiftry,  and  economical  che- 
miftry. By  defining  each  of  thefe  branches,  it 
will  be  feen  that  though  they  are  conne6i:ed  by 
an  indiffoluble  chain,  it  is  neverthelefs  necef- 
fary,  in  order  to  carry  each  to  perfeftion,  that 
they  ihould  be  cultivated  apart  j      - 

4.  Philofophical  Chemijiry  precedes  and  go* 
veriisi  all  the  other  branches.  By  meatus  of  the 
moft  general  fafts,  it  eftablifties  the  principles 
and  lays  the  foundation  for  the  whole  doftrhie 
of  the  fcience.  It  is  not  applicable  to  zxtf 
particular.  obje6i:,  but  it  illuminates  them  all:, 
it  treats  of  thf  laws  of  attra6)^ion  between  alt 
fubftances>  the  phenomena  of  their  ^combiha;/' 
tions  or  theif  decompofitions,  the  properties  of 
the  principal  bodies  or  :thofe  moft  ^generally 
difperfed  through  nature,  the  operatiohs  whi<;it 
are  performed  for  difcovering  the  mutual  a6iion 
of  all  bodies,  and  the  general  means  of  analys- 
ing or  combining  them :  it  e^pfains  the  ijioil 
irapQrtant  motions  in  nature  ;  and  derives  froQ 
all  the  other  bjrancbes  thofe  fafts  by  whteh>  jt  ia 
conftituted;  With  refpeft  to  the  other  feveil 
bpancbes,  it  forms  the  primitive  trunk  by  which 

•  the 
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the  whole  is  fupported ;  in  fhort,  it  has  the 
fame  relation  to  the  other  branches,  as  fimple 
mathematics  bear  to  their  applications. 

5.  ^leteorological  chemiftry  relates  particu- 
larly to  all  the  phenomena  which  take  place  in 
the  air,  and  are  known  under  the  name  of  me- 
teors.    No  author  has  hitherto  fpoken  of  this 
%ecies  of  chemiftry,  and  it  has  been  formed 
only  a  few  years.     Phyiical  obfervation  alone  is 
not  fufficient  to  afcertain  the  nature,  or  even 
the  phenomena,  the  fucceffion,  and  particularly 
the  caufe  of  meteors.     Why  the  immenfe  vo- 
lomes  of   meteorological    obfervations  which 
overload  our  libraries,   ihould  contain  no  in- 
formation of  importance  to  mankind  relative  to 
the  grand  effefits  produced  in  the  atmofpher^ 
can  |io  othem  ife  be  explained  but  by  admitting 
that  the  true  path  for  refolving  thefe  moft  ele- 
vated problems  has  not  hitherto  been  followed* 
Meteocsare  truly  chemical  effefts :  inflammably 
luminous,  aerial,  aqueous,  or  whatever  charafter 
they  may  poffefs,  under  whatever  form  they 
may  appear,  whatever  may  be  the  matter  they 
affe3,  tranfport,  or  change,  they  are  evidently 
to  be  attributed  to  immenfe  chemical  operai* 
tions;  and  chemiftry  alone  is  capable  of  un- 
veiling their  caufe  and  penetrating  their  myfter  ' 
lies.    The  fummits   of   high  mountains    and 
aerofiatic  machines  will  fooner  or  later  be  the 
laboratories  where  new  experiments  and  new  in^ 
fimments  will  be  introduced  to  inveftigate  the 
nature  of  thefe  terrible  atmofpheric  revolutions^ 

of 
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of  which  man,  after  having  long  dreaded  their 
effefts,  is  now  called  upon  to  iiiveftigate  the 
caufes,  in  order  to  prevent  or  obviate  their  de- 
ftrucftive  influence*    ' 

6:  The  objeft  of  Minefal  Chemijiry  is  to 
analize  and  examine  all  kinds  of  foffils,  waters, 
earths,  ftones,  metals,  bitumens,  &c. ;  it  is  the 
art  of  feparatin'g,  combining,  and  purifying 
them,'  of  afcertaining  their  decided  charadters^ 
their  primitive  form,  their  various  ftates,  and 
their  different  and  fucceflive  alterations.  It  is 
this  branch  which  dire6ls  the  inquiries  and 
claffifications  of  mineralogifts ;  -U^ithout  this 
there  could  be  no  mineralogy ;  and  it  may  a:t 
fome  future  period  be  capable  of  explaining  the 
revolutions  of  the  globe,  and  laying  a  real  foun- 
dation for  the  infant  fcience  of  geology.  It 
explains  the  formation  of  ftones,  minerals,  de- 
pofitions,  incruftations,  ftalaftites,  the  aftion  of 
fuperficial  or  fubterraneous  waters,  of^Vi^lcanic 
eruptions,  of  earthquakes,  depreffions  of  the 
earth,  &c.  This  is  one  of  the  moft  cultivated 
and  advanced  branches  of  chemical  fcience. 

7-  Vegetable  Chemijiry  treats  of  the  analyfis 
of  plants  and  their  products.  A  ihort  time 
ago,  it  confifted  only  of  a  feries  of  the  procefles 
of  thofe  arts  which  extrad,  purify,  and  appro^ 
priate  to  our  wants,  the  different  materials  of 
vegetables,  or  prepare  them  in  different  ways 
for  the  relief  of  our  infirmities.  At  prefent  its 
obje6l  is  more  extenfive,  its  fubjeiS;  more  en- 
larged, and  its  views  in  fome  degree  more  ele- 
vated 
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Vated.  It  poffeffes  new  methods  ot  decompof- 
ing  the  produ6ls  of  plants,  and  of  afcertaining 
the  order  of  their  compofitions :  it  begins  by 
explaining  their  intimate  nature,  their  forma- 
tion and  connexion ;  it  effefts  changes  in  them 
fimilar  to  thofe  produced  by  vegetation ;  and  it 
will  ultimately  fucceed  in  explaining  the  laws 
of  vegetable  economy,  the  moft  folid  and  the 
only  bafes  of  which  it  has  already  eftablifhed. 
It  exhibits  the  manner  in  which  mineral  fub-» 
fiances  unite  in  triple  compounds  to  form  vege- 
table fubftances,  the  influence  of  different  foils, 
that  of  the  mixture  of  earths,  of  compofls,  and 
of  irrigation  upon  vegetation.  Its  early  fuc- 
Cefs  announces  that  it  will  at  fome  future  pe- 
riod conflitute  the  foundation  of  agriculture, 
as  it  has  long  been  the  guide  of  the  apothecary, 
and  of  all  the  arts  which  have  for  their  ob- 
je6l  the  treatment  of  vegetable  fubflances. 

8.  Animal  Chcmiftry   is  at  prefent  in  the 
fame  promifing  fituation  as  vegetable  chemiflry. 
like  the  latter,  it  is  not  confined  to  the  analyfis 
of  the  materials  of  animal  bodies,  and  the  ad- 
vancement of  the  arts  which  prepare  thofe  ma- 
terials for  our  wants.     Its  deftination  is  more 
elevated,   and  its  views  much  more  extenfive. 
Provided  with  exaft  inftruments,  and  ingenious 
methods  for  determining  the   real  difference 
which  exifts  between  vegetable  and  animal  fub- 
ftances ;  it  fhows  the  circumflances  that  take 
place  in  the  former,  when  they  pafs  to  the  ftate 
of  the  latter  in  the  organs  of  animals ;  it  ex- 
plains 
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plains  the  efFefts  of  digeftion,  refpiration,  tranf- 
piration,  and  feveral  other  funftions  of  the  ani- 
mal economy ;  it  opens  a  new  field  for  the  phi-* 
lofophy  of  organized  and  fenfible  bodies;  its 
obje6l  is  alfo  to  affift  anatomy,  in  eftablifliing 
bafes  of  phyfiology  on  more  certain,  informa- 
tion. It  is  already,  we  have  reafon  to  think,  on* 
the  point  of  explaining  the  phenomena  of  vi- 
tality and  irritability.  '  By  this  branch  of  fci- 
ence  alone,  we  ihall  be  able  to  determine  the 
morbific  alterations  in  the  animal  fluids  and 
folids,  and,  by  this  me^-ns,  to  lay  a  real  founda- 
tion to  pathology.  This  department  of  che- 
miftry  will  alone  be  capable  of  explaining  the 
cffefi;s  of  a  great  number  of  remedies :  hence^ 
having  become  medicinal  in  the^  fcience  of  the 
human  frkme  in  a  fl:ate  of  difeafe,  it  muft  be 
divided  into  three  fecondary  branches^  viz. 
phyfiological  chemiftry,  pathological  chemiftry, 
and  therapeutical  chemiftry. 

9.  Pharmacological  Chemijiryj  which  com* 
prifes  all  that  relates  to  the  knowledge,  the  pre- 
paration, and  the  adminiftration  of  medicines^ 
is .  one  of  thofe  branches  that  has  moft  contri- 
buted to  the  eftabliihment  of  philofophical  che- 
miftry, on  account  of  the  great  number  of 
experiments  and  trials  it  has  given  occafion  to 
be  made  on  all  the  natural  bodies.  While  this 
branch  has  rifen  to  the  moft  fublime  concep- 
tions, and  the  moft  elevated  applications,  phar- 
macological chemiftry,  enlarged  even  by  the 
jrefults  of  the  fonner,   has    fo  multiplied   its 

means 
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means  and  refources,  that  it  has  become  one  of 
the^moft  important  branches  of  the  fcience.  It 
treats  of  the  analyfis  of  fimple  medicines,  the 
preparation  of  chemical  remedies,  the  compofi- 
tion  of  galenicals,  and  magiftral  compounds, 
which  are  daily  varied  by  the  art  of  formulae ; 
the  prefervation  of  fimple  and  compound  me- 
dicines, as  well  as  the  deteftion  and  prevention 
of  adulterations. 

10.  I  call  that  by  the  name  of  ManufaBur- 
ing  Chemijirj/,  which  is  applied  to  difcovering, 
reftifying,  extending,  completing,  or  fimplifyr 
ing  the  chemical  proceffes  of  manufaftures. 
To  obtain  fuccefs,  it  is  neceflary  to  join  a  fpirit 
of  invention  to  the  moft  profound  knowledge 
of  philofophical  chemiftry.  In  France  it  has 
made  a  very  rapid  progrefs  during  feveral 
years,  which  is  proved  by  the  numerous  efta- 
bKfhments  for  bleaching,  for  the  manufa^ure  of 
printed  goods,  for  dyeing,  fope-makjiig,  tan- 
ning, the  making  of  falts  and  mineral  acids, 
pottery,  glafs,  porcelain,  &c.  This  branch  of 
chemiftry  is  highly  cultivated  and  advanced  in 
England,  Germany,  and  Holland,  and  it  is  this 
branch  which  renders  the  moft  important  fer- 
irices  to  fociety. 

11.  I  fliall  diftlnguifh  the  laft  department 
by  the  name  of  Economical  Chemiftry^  be- 
caufe  its  obje6l  is  to  elucidate,  to  Amplify 
and  regulate  a  number  of  economical  procefles 

.  which  are  inceflantly  performed  in  our  dwel- 

Ibgs,  in  order  to  render  them  healthy,  warm, 

Vol.  L  B  and 
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and  light,  and  to  prepare  our  food,  beverage^ 
and  clothing.  It  ought  to  form  a  part  of  every 
judicious  education,  becaufe  it  is  neceffary  for 
the  prefervation  of  health.  It  is,  in  fome  de- 
gree, a  familiar  or  domeftic  kind  of  chemiftry. 
It  is  alfo  very  ufcful  for  deftroying  the  preju- 
dices to  which  the  greateft  part  of  mankind  are 
fubjeft^  and  which  are  often  more  injurious  to 
their  welfare  than  the  real  evils  to  which  they 
are  expofcd. 


Article  III. 

Hijlorical  Sketch  of  Chemijlrif. 

1 .  WHEN  the  ftudy  of  a  fcience  is  attempt- 
ed,  it  would  be  ridiculous  not  to  draw  at  leaft 
the  general  outlines  of  its  hiftory  :  for,  by  ex- 
hibiting the  principal  changes  through  which 
it  has  paffed,  the  dates  of  the  difcoveries  are 
lixed,  errors  are  expofed,  and  the  means  of  avoid- 
ing them  are  obtained;  the  repetition  of  trials 
already  fuccefsfully  made  is  prevented ;  what 
remains  to  be  done,  is  clearly  pointed  oiit,  and 

the  path  to  future  difcoveries  is.  traced  with 

* .  ■»       • 

perfpicuity  and  advantage. 

2.  In  order  to  give  to  the  prefent  hiftorical 
fketch,  which  may  ferve  as  an  introduftion 
fo  tlie  ftudy  of  cliemiftry,  the  real  utility  it 
pught  to  poflefs,  it  is  neceffary  to  divide  it 
into  feveral  principal  epochas,  which  may  ex- 
hibit 
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liibit  in  the  order  of  time,  thofe  great  revolu- 
tions which  have  at  different  periods  changed 
the  face  of  the  fcience, 

3.  I  eftablifli  fix  principal  epochas  in  the 
hiftory  of  chemiftry:  The  firft  comprifes  the 
ancient  times;  the  fecond  its  middle  age;  the 
third  the  origin  of  philofophical  chemiftry,  as 
well  as  the  difcoveries  made  after  the  eftabliih- 
ment  of  experimental  philofophy,  and  the  foun- 
dation of  learned  foqieties ;  the  fourth  relates 
to  the  difcovery  of  the  gafes,  and  the  great 
revolution  which  fucceeded  ;  the  fifth  to  the 
foundation  of  the  pneumatic  doftrine ;  and  the 
fixth  to  the  fyftematic  nomenclature,  and  the 
confolidation  of  that  do6lrine.  There  is  thi^ 
remarkable  difference  bet\veen  the  epochas,  that 
the  time  whicli  has  paffed  is  very  unequally 
divided;  that  the  firft  three  occupy  feveral 
ages,  and  comprife.the  occurrences  from  the  pri- 
mitive nations  to  the  middle  of  the  eighteenth 
century, — while  the  three  latter,  .compreffed  as 
it  were  together,  and  containing  an  hnmenfe 
courfe  of  labour,  and  an  aftonifliing  lift  of  dif- 
coveries, prefent,  in  the  fpace  of  forty  years, 
a  greater  degree  of  perfe6lion  and  progrefs  in 
human  reafon  than  is  afforded  by  all  the  pre- 
ceding and  accumulated  ages. 

4.  This  is  precifely  one  of  the  particular, 
and,  as  it  were,  diftinftive  charaders  of  che- 
miftry. It  has  not  proceeded  with  the  regula- 
rity and  conneftion  which  has  accompanied 
every  other  fpecies  of  human  knowledge.     It 

B  2  has 
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has  not  experienced  that  flow  and  deter- 
minate progreffion  which  has  been  obferved  in 
moft  of  the  other  fciences.  Almoft  entirely 
unknown  to  the  ancients,  this  fcience  only  be- 
gan to  be  confidered  as  fuch,  towards  the  mid- 
dle of  the  feventeenth  century,  and  all  the  fa6i:s 
which  had  been  coUeded  during  more  than  an 
hundred  years,  form  almoft  an  imperceptible 
point  in.  natural  philofophy,  when  compared 
with  the  immenfe  progrefs  that  has  been  made 
during  the  laft  thirty  years- 

5.  Its  hiftory,  treated  in  detail,  and  with  all 
the  attention  it  requires,  will  afford,  particu- 
larly to  pofterity,  a  mofl  aftonifliing  fpeftacle 
of  the  efforts  of  genius,  and  will  occupy  one 
of  the  moft  diftinguifhed  places  in  the  atinala 
'  of  human  intelligence.'  The  fketch  I  am  about 
to  give  would  of  itfelf  be  fiifficient  to  eflablifh 
this  truth  in  the  moft  ftriking  manner. 


First  Epociia. 

Thejirjl  T>cnvn  of  Chcmijlry  in  remote  Jges. 

6,  THE  firft  epocha  of  chemiftry  mufl,  ftill 
more  than  that  of  the  other  fciences,  be  un- 
avoidably involved  in  obfcurity  and  myftery. 
Bergmann,  who  is  the  beft  and  cleareft  writer 
on  this  part  of  cliemical  hiftory,  in  his  difTer- 
•  ,tation,  entitled  ''  De  prhnordiis  chhmt,''  begins 
by  fhowing  to  what  the  How  progrefs  of  natural 

philofophy 
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philofophy  ought  to  be  attributed,  by  argu- 
ments founded  on  the  difficulties  of  obfervation 
and  experiments;  the  fmall  number  of  men 
whofe  attention  is  devoted  to  this  fubjeft  ;  the 
fcarcity  of  means  and  talents  neceflary  to  infure 
fuccefs ;  the  prejudices  to  be  overcome ;  the 
torpor  of  the  human  mind  to  be  roufed,  and  the 
delulions  of  imagination  to  be  repelled  ;  and  he 
obferves  that  this  earlieft  part  of  the  hiftory  of 
chemiftiy  is  truly  fabulous.  He  treats  in  this 
epocha  under  the  five  divifions  of  the  earlieft 
chemical  arts,  of  the  traces  of  chemiftry  in 
Egypt  and  among  the  Greeks  and  different 
nations,  and  gives  a  general  abftra6l  of  the  che- 
mical knowledge  in  the  firft  ages.  Let  us  ra- 
pidly trace,  with  him,  this  obfcure  path. 

7.  A  icience  can  exift  only  by  the  compari- 
fon  of  numerous  fa6ls  and  obfervations.    Thefe 
fafts,  at  firft  difcoyered  by  chance,  and  repeat- 
ed by  induftry,  to  fupply  the  wants  of  indivi- 
duals, have  conftituted  the  arts.      Their  firft 
inventors  might,  and  indeed  muft,  neceflarily 
have  been  men  of  genius  :  they  were  deified,  as 
a  reward  for  their  fervices,  while  the  great  war^ 
riors  were  only  confidered  as  heroes.     The  firft 
apcounts  relate  to  the  founders  of  metals,  ope* 
'  raters  at  the  forge,  fabricators  of  arms  and  ara- 
tory  inftruments,  Tubal  Cain  or  Vulcan  is  men* 
tjoned,  as  having  invented  the  art  of  coining 
pioney  from,  gold  and  filver,  in  the  time  of 
Abraham;  and  to  Noah  is  attributed  the  dif* 

"    covery 
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covery  of  the  fermentation  of  the  grape,   aii4 
the  baking  of  bricks, 

8.  In  Egypt  the  fcience  of  the  priefts  is 
thought  to  have  been  chemiftry.  It  is  afferted 
that  after  the  time  of  Hermes,  who  infcribed 
.the  elements  of  this  fcience  upon  columns,  the 
priefts  tranfported  them  to  the  hieroglyphics  of 
the  temples  and  their  fubterraneous  buildings. 
According  to  Diodorus,  the  Sicilian,  the  che- 
mical arts  were  in  a  very  advanced  ftate  among 
the  Egyptians.  They  prepared  various  medi- 
cines,-' they  applied  calcined  afhes  as  cauftics; 
they  had  many  compound  articles  of  perfu- 
mery ;  they  knew  how  to  make  plafters  with 
metallic  oxides;  they  cut,  engraved  and  po-f 
lifhed  hard  ftones,  particularly  bafaltes ;  they 
fufed  and  caft.the  metals ;  they  prepared  bricks, 
extrafted  natron  from  the  mud  of  the  Nile, 
manufa6lured  fopes,  alum,  culinary  fait  and 
fal-ammoniac ;  they  extra6led  oil  from  olives 
and  the  feeds  of  radifli ;  they  preferved  bodies 
by  embalmipg ;  they  worked  in  gold  and  cop- 
'  per,  and  were  acquainted  with  the  proceffes  of 
metallurgy;  they  made  glafs,  painted  porce- 
lain .  and  enamels ;  they  engraved  upon  glafs, 
and  knew  the  method  of  gilding  and  filver- 
ing ;  they  prepared  a  kind  of  beer  and  true  vir 
negar ;  and  they  dyed  filk,  by  means  of  morr 
dants.  The  whole  of  thefe  arts,  the  exiftence 
of  which  in  ancient  Egypt  has  been  admitted 
by  all  travellers  fince  the  time  of  Diodorus, 
might  well  have  perfuaded  chemifts  that  the 

Egyptians 
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Egyptians    poffeffed    profound  knowledge  of 
the  fcience  of  chemiftrv. 

9.  We  find  fewer  traces  of  chemiftry  among 
the  Greeks,  who  nevertheiefs  acquired  their 
knowledge  of  the  arts  from  Egypt.  Their 
greateft  philofopliers,  Pythagoras,  Thales,  Plato, 
&c.  were  more  difpofed  to  cultivate  the  mathe- 
matics and  aftronomy,  than  the  phyfical  fci- 
eaces.  At  Corinth  they  manufaftured  famous 
alloys ;  cerufe  was  made  at  Rhodes ;  cinnabar 
was  ufed  in  Greece;  they  cut  the  hardeft  ftones, 
and  their  fculptors.are  far  more  celebrated  than 
their  chemiftss  Tychius  tanned  leather ;  Plato 
has  given  an  accurate  defcription  of  filtration ; 
Hij)pocrates  was  acquainted  with  the  art  of 
calcination;  Galen  fpeaks  of  diftillation  per 
iefcen/um;  and  the  ambic  is  mentioned  by 
Diofcorides,  long  before  the  particle  al  was 
added  to  .that  word.  Athena^us  mentioned  a 
glafs-manufaftory  that  was  eftabliflied  at  Lefi)os. 
Democritus  of  Abdera  prepared  and  examined 
the  juices  of  plants.  Ariftotle  and  Thcophraftus 
treated  of  ftones  and  metals.  Many  of  the 
Grecians  alfo  devoted  themfelves  to  the  myfte- 
ries  of  alchemy.  Ail  the  Greek  philofophers 
invented  fyfteins  relative  to  the  principles  of 
bodies,  their  elementary  principles,  and  their 
converfion.  The  arts  were  not  more  advanced 
than  thole  of  the  Egyptians  •  their  philofophy 
was  fyftematic,  and  their  chemiftry  liad  no  fci- 
fntific  exiftence. 

10.  The 
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10,  The  Ifraelites  acquired  their  information 
in  Egypt.  It  was  there  that  Mofes  learned  the 
properties  of  metals,  the  method  of  extracting 
oils,  the  preparation  of  perfumes,  the  folution  of 
gold,  the  dying  of  linen,  vinification,  acetifir 
cation,  gilding,  and  the  fabrication  of  potteryi 
fope,  &c,. 

The  Phenicians  manufaftured  a  quantity  of 
glafs,  with  which  they  traded :  the  celebrated 
Tyrian  purple,  with  its  three  ihades,  was  inv 
vented  by  this  people.  They  alfo  worked  on 
the  ores  and  metals.  The  Perfians  gave  the 
names  of  the  planets  to  the  metals. 

In  China,  even  in  thefe  remote  ages,  the  in- 
habitants were  acquainted  with  nitre,  gim- 
powder,  borax,  alum,  verdigris,  mercurial  oint- 
ments, fulphur;  colours,  dyes  for  linen  and  filk, 
and  with  the  art  of  making  paper :  they  alfo 
manufa6hired  porcelain'  and  very  numerous 
kinds  of  earthen  ware ;  they  made  a  number  of 
metallic  compounds.  The  ufe  of  wax  and 
ivory  was  well  known  to  them,  and  horn  was 
very  well  manufadured.  From  this  account  of 
the  ftate  of  the  arts,  we  may  be  permitted  to 
confider  the  Chinefe,  according  to  Guignes,  as 
an  Egyptian  colony. 

The  Romans  made  no  addition  to  the  chemi- 
cal arts ;  they  derived  them  from  the  Egyptians 
and  the  Greeks.  We  hear  however  that  malle- 
able glafs  was  prefented  to  Caefar,  according  to 
Petronius,  or  to  Tiberius,  according  to  Pliny. 
All  that  is  related  by  the  latter  concerning  the 

chemical 
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chemical  arts,  was  kno^v^l  before  the  time  of 
the  Romans.  A  people  always  at  war  and  vic- 
torious, had  neither  time  nor  inclination  for 
cultivating  the  arts  and  bringing  them  to  per- 
fe^iion. 

11.  If  we  were  to  fix  the  exiftence  of  che- 
miftry  in  the  arts  which  it  elucidated,  it  is 
evident  that  this  fcience  would  have  preceded 
every  other ;  that  Egypt  would  have  been  its 
cradle ;  and  that  it  has  been  cultivated  for  time 
immemorial  in  China;  but  no  true  fcience  in 
fe6l  exifted.  Vinegar  was  the  only  acid  then 
known ;  foda  was  denominated  nitre ;  among 
the  falts  they  treated  only  of  fea  fait,  ammoni- 
ac jtnd  alum  ;.  verdigris  and  the  fulphate  of  iron 
were  the  only  known  kinds  of  metallic  falts. 
They  diftinguifhed  no  other  earth  but  lime  and 
clay.  Sulphur,  the  oils  and  bitumens  were 
the  only  inflammable  matters  employed.  They 
worked  feven  dudlile  metals;  the  brittle  me- 
tals were  unknown.  There  were  but  few  real 
experiments  made  in  chemiftry ;  fo  that  among 
the  whole  of  thefe  fad;s  we  perceive  nothing 
more  than  the  infancy  of  the  art :  there  neither 
was  nor  could  be  any  fcientific  fyftem. 


Second 
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Second  Epocha. 

•  ■  » 

The  middle  A^e^  or  obfcure  Times  of  Chemijliy. 


>      « 


12.  BERGMANN,  who  has  written  a  very 
good  diflertation  on  this  age,  Avhich  will  ferve 
as  a  guide  in  the  prefent  article,  dates  its  com- 
mencement at  the  feventh  century,  ahout  the 
time  of  the  deftru^ion  of  the  Alexandrian  li- 
brary by  the  Arabs,  and  makes  it  extend  to 
the  middle  of  the  feventeenth  century.  This 
includes  a* period  of  about  one  thoufand  years, 
during  Avhich  the  fciences  in  general,  and  par- 
ticularly chemiftry,  made  but  very  little  pro- 
grefs.  It  begins  with  the  moft  fliocking  mo- 
nument of  Vandalifm  that  has  ever  been  re- 
corded in  the  hiftory  of  deftruftive  war,  the 
conflagration  of  the  Alexandrian  library,  that 
foc.us  of  fcierice  and  information,  which  was  fol- 
lowed by  the  deftru6lion  of  every  kind  of  know- 
ledge. During  thefe  times,  the  barbarians,  who 
over-ran  and  ravaged  Europe,  expelled  the 
arts  and  fciences  wherever  .they -appeared,  Af- 
ter the  crufades  they  were  again  reftored,  and 
met  with  more  repofe  and  proteftion ;  but  thofe 
who  cultivated  them  were  obliged  to  combat 
the  attacks  of  fuperftition  and  fanaticifm,  by 
which  they  were  profcribed  as  magicians  and 
forcerers. 

>3.  Durinj* 
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13.  During  all  this  epocha  of  war  anddefof 
'  Jatlon,    chemiftry  acquired    only  a  few  fa6ls, 
without  conneftion  and  without  order.     The 
fcience  itfelf  became  devoted  to  unreafonable 
and  extravagant  purpofes.     It  was  directed  to 
the  making  of  gold  and  difcovering  of  an  uni-* 
yerfal  remedy.     Thefe  two  mental  difeafes,  the 
refult  of  ignorance,  devaftation  and  fuperftition 
have  long  tormented   the   human  race.      The 
language  of  chemiftry  became  myfterious,  me- 
taphorical, and  notwithftanding  the  anathemas 
of  the  church,  and  the  vigilance  of  kings  againft 
the  adept  impoftors  and  alchemifts,  who  had  in- 
creafed  beyond  calculation,  time  alone  could 
cure  this  leprofy  of  the  mind,  which  exifted 
during  the  whole  period  on  which  we  treat 
Such  is  the  general  fketch  of  this  obfcure  epoch 
pf  chemiftry  as  given  by  Bergmann.     Among 
fdl  the  abfurdities  which  difgrace  it,  one  ufcful 
fffeGt  is  to  be  •  met  with ;  namely,   that  the  al- 
chemifts, by  their  immenfe  labours,  have  dif- 
covered  a  number  of  facts,  which  without  their 
exertion?,  would  have  remained  unknown. 

14.  One  of  the  remarkable  circumftances  of 
this  period  confifts  in  tlie  application  of  chemif- 
try to  tlie  materia  mcdica  by  the  Arabs.  Thefe 
people  were  the  firft  who  ufed  fugar  as  an  arti- 
cle of  fliedicine,  under  the  name  of  honey  of 
'canes.  Rhazez  made  a  great  number  of  mix- 
tures and  compofitions.  He  employed  all  the 
operations  of  chemiftry  in  the  preparation  of 
medicaments,     Albucafis  poffeffed  ftill  greater 

chemical 
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chemical  knowledge  than  Rhazez ;  he  very 
clearly  defcribed  the  three  kinds  of  diftillation, 
the  apparatus  for  diftilling,  as  well  as  a  num- 
ber of  experiments.  Geber,  a  chemift  ftill  more 
deferving  of  praifc,  was  acquainted  with  corro- 
five  fublimate,  aqua  regia,  and  the  folution  of 
gold.  Mezu^  purfiied  the  fame  career,  and 
defcribed  a  number  of  pharmaceutic  prepara- 
tions ;  he  w^s  denominated  the  evangelift  of 
the  pharmacians. 

15.  Nicholas  Prevoft,  a  phyfician  at  Tours, 
colle6led  and  publiihed  at  Lyons,  in  1505,  all 
the  receipts  and  antidotes  then  known.  Vale- 
rius Corduc,  in  1 542,  publifhed  the  firft  chemi- 
cal pharmcopoeia,  in  which  he  defcribed  ether, 
with  tolerable  precifion,  under  the  name  of 
fweet  oil  of  vitriol. 

In  the  year  1270,  Thaddaeus,  the  Florentine, 
pointed  out  the  medicinal  property  of  alcohol. 
In  the  fifteenth  and  fixteenth  centuries,  Bafil 
Valentin  and  Paracelfus  employed  many  che- 
mical preparations  in  medicine.  The  pupils  of 
the  latter  ftill  farther  extended  the  ufe  of  opium 
and  mercury.  Antimony,  on  account  of  the 
diffentions  and  contefts  among  the  phyficians, 
gradually  became,  by  the  efforts  of  the  che- 
mifts,  one  of  the  moft  valuable  remedies  that 
exifted  in  the  whole  materia  medica.  In  1609, 
CroUius  publiihed  an  account  of  the  method  of 
preparing  fweet  mercury,  or  mercurius  dulcis. 
The  pharmacopoeias  were  compofed  with  great 
attention,  perfpicuity,  and  methodical  arrange- 
ment; 
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Tnent ;  that  of  Schroder,  in  particular^  at  the 
end  of  the  epoch  on  which  we  treat,  contained 
all  the  moft  important  chemical  preparations, 
with  accurate  defcriptions  of-  various  pfo- 
ceffes. 

16.  Economical  chemiftry  and  the  chemical 
arts  made  but  little  progrefs  during  this  period. 
The  proceffes  of  metallurgy  remained  involved 
in  obfcurity  till  the  eighth  century ;  and  it  was 
not  till  the  lixteenth  century  that  they  were 
formed  into  a  fyftem  by  G.  Agricola.  He  was 
the  firft  who  publiflied  in  1546,  a  methodical 
work  on  metallurgy  and  the  docimaftic  art,  in 
twelve  books,  which  comprifed  all  its  parts. 
This  was  immediately  fucceeded  by  the  trea* 
tifes^  of  Encelius,  Fafch,  and  Lazarus  Ercker. 
The  glafs  employed  for  windows  towards  the  , 
clofe  of  the  third  century  was  firft  manufac- 
tured in  France,  and  afterwards  in  England, 
about  the  feventh  century.  Coloured  glafs  and 
enamel  were  invented  in  Europe  fubfequent  to 
the  difcovery  of  common  glafs. 

17-  Thefe  general  confiderations  on  the  flow 
progrefs  of  chemiftry  and  the  chemical  arts  in 
the  middle  age  of  fcience,  are  given  in  the  dif- 
fertation  of  Bergmann  in  a  vague  manner,  which 
does  not  afford  any  notion  of  the  fucceffion  of  ^ 
the  leading  men  who  cultivated  the  fcience 
during  that  period.  This  defeft  muft  be  fup- 
plied  by  a  concife  enumeration  of  the  moft 
celebrated  chemifts  who  have  fucceeded  each 
cfther  from  the  middle  of  the  feventh  to  the 

middle 
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micklle  of  the  feventeeth  century.  After  thcf 
Arabs  already  mentioned,  who  flouriihed  parti- 
cularly in  the  eighth,  ninth,  tenth,  and  eleventh 
centuries,  it  is  neceffary  to  ftate  that  alchemy 
became  the  predominant  infanity  of  the  minds 
of  men  from  the  twelfth  to  the  fixteenth  cen- 
tury, and  that  all  the  authors  who  wrote  during 
this  period,  have  more  or  lefs  infe6led  theii* 
works  with  this  alchemical  phrenzy. 

18.  The  thirteenth  century  is  remarkable  for 
Albert  the  Great,  a  Dominican  of  Pologne, 
who  was  confidered  as  a  magician,  doubtlefs  on 
account  of  his  chemical  experiments ;  for  Roger 
Bacon,  born  in  the  year  1214,  near  llchefter 
in  Somerfef,  and  celebrated  for  his  inventions 
of  the  camera  obfcura,  the  telefcope,  and  gun- 
powder, for  feveral  Angular  machines,  and  for 
his  great  reputation  which  caufed  him  to  be 
called  the  admirable  doftor  ;  and  laftly,  for  the 
birth  of  Arnaud  de  Villeneuve,  a  native  of 
Languedoc,  who  treated  of  the  mineral  acids^ 
and,  befides  his  chemical  erudition,  poffefTed^ 
vaft  knowledge  of  medicine. 

19.  In  the  fourteenth  century  we  meet  with 
Raymond  LuUi,  placed  among  the  adepts,  and 
who  wrote  upon  the  mineral  acids  and  .metals," 
He  was  fucceeded  by  Bafil  Valentin,  aGermaii 
Benediftine  of  the  fifteenth  century,  famous  for 
his  trcatife  upon  antimony,  in  which  we  find 
feveral  preparations  that  have  fince  been  given 
to  the  world  as  new  difcoverics.     Ifaacus  Hoi- 

laudus 
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landus  lived  about  the  fame  time  ;  his  produc- 
tions were  much  admired  by  Boerhaave. 

20.  The  fix  teen  th  century  was  occupied  by 
the  fchool  of  Paracelfus,   who  was  born  near 
Zurich  in  1493;   he  was  a  famous  chemift,  and 
an  enthufiaft  of  the  fcience  and  the  remedies  it 
afforded,  defpifmg  all  the  ancient  principles  of 
medicine.       He    performed    miraculous    cures 
with  opium  and  mercury,  promifed  himfelf  im- 
mortality by  his  remedies,  and  died  in  confe- 
quence  of  his  debaucheries,  at  the  age  of  about 
forty-eight  years,   in  a  fmall  inn  at  Saltzburg, 
Many  chemical  phyficians  adopted  and  propa- 
gated the  principles  of  Paracelfus,  in  the  courfe 
of  the  fixteenth  and  beginning  of  the  feven- 
teenth  century.     In  this  lift,  we  find  CroUius, 
Ortelius,  Poterius,  Beguin,  Tachenius,  Zwelfer, 
Glazer,  Caflfms,  Digby,  Libavius,  Angelus-Sala, 
-Blaife  de  Vigenere,   &c.     Among  thefe   che- 
ttifts,   and  nearly  about  the  period  when  the 
^>Korks  of  feveral  of  them  were  publiilied,  it  is 
^eceffary  to  diftinguilh  Van  Helmont,  a  man  of 
genius,  of  whom  I  fhall  have  farther  occafion 
"to  fpeak ;  Becher,  fo  famous  for  his  treatife  on 
the  fubtcrraneous  world,  and  his  extenfive  views 
of  fcience ;  Kunckel,  one  of  the  firft  accurate 
>Titers  on  chemical  phenomena ;  Glauber,  illuf- 
trious  for  the  great  number  of  his  difcoveries, 
^  and  for  his  advice  and  method  of -not  rejeding 
^  ufelefs   the   refiduum  of  experiments;  and 
^ircher  and  Conringius,   the  wife  and  learned 
^ntagonifts  of  alchemy. 

21-  Berg- 
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21.  Bergmann  concludes  his  hiftoly  of  the 
middle  age  of  chemiftry,  by  a  fummary  of  the 
chemical  difcoveries  made  in  the  courfe  of  this 
period,  or  during  the  thoufand  years  it  com- 
prifes.  The  clafs  of  acids  was  increafed  by  the 
difcovery  of  the  fulphuric,  nitric,  and  muriatic  . 
acids.  The  alkalis  were  rather  better  known, 
and  the  volatile  alkali  was  extrafted  from  fal- 
ammoniac  by  Bafil  Valentin,  by  means  of  fixed 
alkali.  The  fulphate  of  potafli,  prepared  in  . 
three  or  four  ways,  received  different  names ; 
and  that  of  vitriolated  tartar,  which  it  bore  for 
a  long  time,  was  given  it  by  CroUius.  The  ni- 
trate of  potafh  received  the  name  of  nitr^ 
which  till  that  time  was  applied  to  foda.  J, 
Sylvius  difcovered  the  muriate  of  potafli,  which 
he  called  digeftive  fait,  and  Glauber,  the  ful*  " 
phate  of  foda,  which  he  decorated  with  the 
name  of  admirable  fait.  Several  earthy  faltB 
liow  began  to  be  known,  and  among  others  the 
muriate  of  lime,  under  the  name  of  fixed  fal- 
ammoniac. 

The  metallic  falts  alfo  were  inveftigated;  the 
nitrate  of  lilver  in  the  form  and  under  the  name 
of  cryftals  of  Diana,  and  the  infernal  ftone,  the 
muriate  of  filver,  under  the  name  of  luna  cor- 
nea ;  the  tw^o  muriates  of  mercury  were  defcrib- 
ed  and  employed ;  the  red  precipitate,  or  coral—— 
line  arcanum,  the  fugar  of  lead,  butter  of  an- 
timony, powder  of  algaroth,  antimonial  tartar, 
the  three  vitriols,  were  either  difcovered  01 
more  carefully  examined  and  diftinguifhed. 

Sanc^a 
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Sand  was  diftinguiflied  from  clay,  lime  water 
was  prepared,  and  the  alkaline  fulphurets  were 
brought  into  notice. 

The  brittle  metals,  or  femi-metals;  were  dif- 
tinguifhed  from  the  du6lile  fpecies;  bifmuth, 
zinc,  antimony,  and  even  arfenic,  were  obtained 
in  the  metallic  ftate.  A  number  of  oxides,  of 
protended  metallic  tin6lures,  particularly  the 
purple  mineral,  fulminating  gold,  mineral  tur- 
bith,  the  faline  precipitates  of  mercury,  or  the 
mercurial  oxides,  of  various  colours,  minium  and 
litharge,  colcothar,  faffrons  of  Mars,  diapho- 
retic antimony,  &c.  were  difcovered,  and  their 
preparations  tolerably  well  defcribed* 

The  diftillation  of  volatile  and  empy reumatic 
oils  was  alfo  begun  ;  the  ethers  were  difcovered, 
fpirit  of  wine  was  generally  known,  and  even 
diftinguiflied  by  the  name  of  alcohol,  which  it 
has  retained  to  the  prefent  day* 

82.  After  relating  all   thefe  difcovcries,   as 
they  are  prefented  by  Bergmann  in  that  period 
of  the  hiftory  of  the  fciences  on  which  we  are 
ftow  engaged,  the  reader  will  doubtlefs  be  allo- 
Diihed,  that  our  fketch  was  commenced  with 
the  affertion  that  chemiftry,   like  the  other  fci- 
ences, has  made  but  flow  progrefs ;  and,  in  fa6l, 
this  appears  to  be  an  evident  contradiftion  to 
Vhat  has  been  faid  in  No.  12  of  the  prefent  arti- 
cle, and  what  has  likewife  juft  been  ftated  in  No. 
SI.  It  is  nqceflary,  however,  to  remark,  that  moft 
«f  thefe   difcoveries  were  made  by  tlie  alche- 
xnifts,  befides  which,  the  greater  number  of  tlieni. 
Vol.  L  C  par- 
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particularly  thofe  Avhich  appear  to  us  to  deferve 
the  appellation  of  capital,  belong  only  to  the 
two  laft  centuries  of  this  long  epocha ;  and  that 
the  torpor  of  the  fcience,  as  well  as  the  obfcu- 
rity  in  which  it  was  enveloped,  belong  entirely 
to  the  firft  eight  centuries,  from  the  middle  of 
the  feventh  to  the  middle  of  the  fifteenth. 
This  epocha  might  therefore  be  divided  into 
two  others,  if  the  laft  were  not  infefted  by  the 
errors  of  alchemy.  It  Ihould  alfo  be  added, 
that  there  exifted  na  connexion,  no  fyftenaatic 
method  in  chemical  knowledge,  which^could 
form  either  a  fyftematic  aggregate  or  fcience; 
and  that  all  the  incoherent  fads  of  which  we 
have  juft  given  an  abftracl  related  more  to  the 
ridiculous  ideas  or  exaggerations  of  alchemy^ 
or  the  univerfal  medicine,  than  to  the  advance- 
ment of  a  fcience,  which,  in  ia6l,  did  not  reaUy  . 
exift  at  that  time.  Jjj^ 


Third  Period. 

Origin  of  Pkilo/ophical  Chemijlry;  Labours  oflearmi 
Societies ;  numerous  FAernentary  Works. 

2S.  THOUGH  the  charaaer  of  the  preceding- 
epocha  be  drawn  particularly  from  the  want  of 
every  conne6led  fyftcm  or  methodical  arrange- 
ment, neverthelefs,  the  latter  part  of  this  pe- 
riod, particularly  from  tlie  commencement  id 
the  feventeenth  century,  was  marked  by  the  pub- 
lication of  feveral  works  which  contained  the 

firft 
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firft  notion  of  a  connexion  between  the  fafts,  and 
the  mutual  dependence  of  the  truths  already  dif- 
CQvejed.  Such  were  thofe  of  Libavius,  Van- 
Helmont,  Angelus  Sala,  Beguin,  Brendelius, 
Rplfiack,  Starkey,  Viganus,  and  feveral  others 
which  appear  to  be  applicable  only  to  the  time 
of  their  publication,  during  the  period  which 
has  juft  been  defcribed,  and  to  open,  by  the 
fyftematic  attempts  they  began  to  exhibit,  a 
path  to  that  fcience,  which  was  formed  foon 
ifter  this  period. 

24/  At  the  coitimencement,  or  as  it  were  at 
flie  head  of  the  period  on  which  we  at  prefent 
I     treaty'  may  be  placed  t\yo  men  whofe  works  have 
gtesitly  exceljed  thofe  of  their  predeceffors,  on 
KiCQunt  of  the  clearnefs  of  the  ideas  contained 
in  tb^tn,  and  the  order  and  method  of  their 
WStangement :  ^  the  authors    were    Earner   and 
»ohhius.     The  publication  of  thefe  two  firft 
^hilofophical  works  on  our  fcience  coincides 
^ith   the  origin  of  experimental  philofophy, 
5md  muft  be  confidered  as  the  birth  of  true  che- 
3mi^ry.     The  philofophical  chemiftry  of  Bar- 
oqer,  and  the  treatife  of  rational  chemiftry  by 
iSohnius  have  long  been  the  only  books  of  ftu- 
5defit8*     Stahl  knew  the  firft  of  thefe  by  heart 
-9t  the  age  of  fifteen  years. 
•  83-  The  minds  of  men  being  freed  from  the 
^mcielit  yoke  of  opinions  too  highly  credited, 
-^ttid  at  length  corre6i:ed  from  the  errors  of  al- 
chemy, were  led  to  new  conceptions,  by  the 
4ifcoverie$  and   produdions  of  Bacon,.  Def* 

C  8  cartes. 
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cartes,  Leibnitz,  Galileo,  Toiticelli/' aftd^  tti^ 
great  Newton;  They  now  began  tiy^'perieW^ 
that  it  was  by  means  of  experiment's  tfcat  Ma- 
ture ought  to  be  inveftigated.  Experimental 
philofophy  foon  atofe,  a»d  leartied  ibcieiv&i 
began  to  be  eftablifhed from  about  thetniddle  to 
the  end  of  the  fixteenth  century.  The  academy 
delCimentOj  founded  at  Florence,  in  1651,  the 
Royal  Society  of  London,  in  I66O,  and  the 
Academy  of  Sciences  of  Paris,  in  1 666,  tirferq 
the  nurferies  and  defenders  of  experimeatal 
philofophy  and  chemiftry:  in  thefe  focieties, 
the  moft  important  labours  were  •  lindertakea^ 
relative  to  the  analyfis  of  a  great  number  of  bo^ 
dies,  &c.  Among  the  immenfe  refearches  com* 
prifed  in  this  period,  of  one  hundred  years,  from 
1650  to  1770,  \ye  nluft  confine^  ourfelves  to 
ftate  the  moft  ftriking  fads  and  refults^  with  the 
names  of  the  moft  celebrated  chemifts  whb  hkvi 
produced  them,  together  with'  the  moft  irii* 
portant  advances  they  have  made  in  the  fcienitfft 
itfelf.  •  ^ 

"  *  26.  The  analyfis  of  waters  was  begun  at  Pa- 
ris by  Duclos  :  the  diftillation  of  plants  by  tia^ 
ked  fire  was  performed  w4th  great  attention  liy 
5)odart  and  Boulduc,  Leibnitz  examined  the 
phofphori  and  the  waters  of  Berlin,  and  ibtilid* 
ed  the  Academy  of  Pruffia  in  the  year  1700, 
upon  the  plan  of  that  at  Paris.  ^  Newton  :Jiim» 
felf  began  to  communicate  to  the  Royal  iSo^ 
ciety  of  London,  fome  new  and  generul  ideks 
*6n  chemical  phenomena.  -Boyle- coir^ined- a. 
•     '  '     •  number 
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vdidbeF  of  chemical  X)bfervations  with  philofo- 
pbic^  experiments.  At  Paris,  tlie  two  Le- 
liierySj  the  three  Geoffroys,  Lefebvre,  Glazer, 
Hbmberg,  Hellot,  and  Duhamel  enlarged  the 
(jphere  of  the  fcience,  while  in  Germany,  Pruf- 
(ia,-  and  Sweden,  it  was  cultivated  and  advanced 
hy"Heuckelj  Schlutter,  and  others ;  in  England 
BjrStarkey,  Morley,  Wilfon,  and  Slare;  and  in 
Holland  by  .Glauber,  Sylvius,  and  Le  Mort. 

-^T.    JVmorig    thefe    indefatigable    philofo- 
phers,,one  man  arofe  in  Pruffia,  who  fixed  the 
theory  of  the  fcience  for  half  a  century  hy  the 
moft  impreffivfe  arrangement,  and  the  mod  ex- 
tenfive  and  connefted  fyftem.     Tlie  illuftrious 
Stahl,  enlightened  by  the  labours  and  views  of 
Kunckel,  arid  particularly  of  Becher,  on  whofe 
works  be  commented,  was  the  inventor  of  an 
ingenious  fyftem  upon  combined  fire,  which  he 
applied  to  all  the  fafts  then  known,  and  which, 
under  the  name  of  phlogifton,  before  denomi- 
nated inflammable  earth  by  Becher,  produced 
for: the  firft  time,  a  parent  idea,    embracing  the 
whole  fcience,  by  the  re- union  of  all  its  parts; 
and  deferving  to  unite  the  fuffrage  of  all  men 
poffeffed   of  the   fpirit  of  philofophy.     Boer- 
haave,  on  his  part,  at  Leyden,  contributed  much 
to  the   formation    of  philofophical  chemiftry, 
which  hie  enriched  with  a  number  of  expcri- 
n>ents   on  fire,  heat,  light,  the  vegetable  ana^ 
lyfis,    &c.      In  the  fteps   of  thefe   celebrated 
men,  with  the  fame  fpirit,   and  by  purfuing  the 
path  which  they  h^d    opened,   the  moft   able 
•  .  !  chemifts 
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chemifts  have  proceeded  for  more  than  fifky 
years.  Among  thefe  enlightened  individnals, 
difciples  and  promoters  of  the  Stahliaii  fehool, 
particularly  thofe  of  France,  tre  muft  rank  th* 
names  of  Groffe,  Baron,  Macquer,  the  tvm 
Rouelles ;  in  Germany  and  Sweden,  Pott^ 
Cronftedt,  Wallerius,  Lehman,  Gellert,  Mar* 
graaf  and  Neumann ;  in.  England,  Freind, 
Shawe,  Lewis ;  in  Holland,  Gaubius,  &c.  &cl 

28.  Geoffroy  the  elder,  a  phyfician  at  Paris, 
Member  of  the  Academy  of  Sciences,,  and 
author  of  the  celebrated  Materia  Medica,  fhines 
in  the  midft  of  this  celebrated  lift,  for  the  hap- 
py thought  of  reprefenting  the  chemical  affini* 
ties,  in  a  table  which  he  publiihed  in  1718. 

In  a  table  of  fixteen  columns,  containing  thfc 
principal  bodies  at  that  time  known,  which  he 
difpofed  according  to  the  order  of  their  mutual 
affinity,  he  prefents  the  ingenious  method  of 
defcribing,  in  a  very  limited  fpace,  the  refults 
of  the  principal  experiments  in  chemiftry.  This 
real  and  moft  important  difcovery  has  direded 
a  great  number  of  chemifts,  who  have  added 
many  articles  to  his  work,  but  who  are  evi- 
dently indebted  for  the  idea  to  die  illuftrious 
G  eoffi'oy.  Thus  the  tables  of  affinity  by  Rouelle, 
Limbourg,  Mac|iy,  Wenzel,  and  even  thofe  of 
Bergmann,  which  have  furpafled  all  the  others, 
are  certainly  nothing  more  than  the  invention 
of  Geoffroy  enlarged  and  continued, 

29.  iDuringthe  fpace  of  one  .hundred  years, 
fo  remarkable  in  the  annals  of  fcience,  for  the 

deftrudion 
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n  of  ancient  errors,  for  the  origin  of 
t1  philofophy,  and  the  eftablifliment 
eties;  and  no  lefs  remarkable  for  its 
f  pradical  chemifts,  the  mafs  of 
^coveries  muft  neceffarily  have 
It  will  be  fufticient,  in  this 
^.vC  a  flight  enumeration,  in  order  to 
^  an  adequate  notion  of  their  magnitude, 
i'he  diamond  Av^as  found  to  be  combuftible  ;  the 
inflammable  and  mephitic  gafes  of  mines  were 
'diftinguifhed ;  Lemery  made  his  artificial  vol- 
cano Avith  moiftened  fulphur  and  iron ;  the  mi- 
ncralifation  and  heat  of  waters  were  accounted 
for;  phofphorus  was  difcovered,  and  the  method 
of  extracting  it  from  human  urine  careful!  v  de- 
fcribed  in  1737.     Eunckel  and   Henckel  con- 
fiderablv  advanced  the  chemical  hiftorv  of  me- 
tals;  cobalt;  arfenic,  zinc  and  their  ores  became 
■better  known ;  the  examination  of  the  chemi-- 
cal  properties  of  iron,  antimony  and  mercury, 
gave  rife  to  a  number  of  new  preparations  ;  the 
fimilarity  aiid  difference  between  thefe  prepara- 
tions, and  their  fyftematic  claflification,  were 
more  exactly  determined;  platina  was  diftin- 
guifhed from  the  other  metals,  and  its  princi- 
pal charafters  difcovered;  nickel  and  manga- 
nefe  were  added  to  the  order  of  metals.     Do- 
cimafy  and  metallurgy  were  highly  improved, 
and  the  Avorks  of  Cramer,  Schlutter,  Schindlcr, 
Delias,  Jufti,  Wallerius,  Tillef,  Hellotand  Jars, 
tended  to  correct  a  number  of  eiTors,  by  eluci- 
4atiag  the  proceiTes,  and  conneding  them  with 

the 
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the  fcience.  All  the  pharmaceutical  prepara^ 
tions  were  greatly  correfted  and  improved ;  iand 
the  errors  introduced  by  chemiftry  into  the  cu* 
rative  art  became  infinitely  lefs  dangerous. 

30.  During  this  period  the  analyfis  of  vege- 
tables in  particular  experienced  very  happy 
amendments.  After  the  labour  of  thirty  years 
on  the  dillillation  of  plants  by  naked  fire,  it 
was  difcovered  that  a  falfe  procefs  had  been- 
adopted  ;  and  the  examination  of  vegetables  by 
fol vents  was  then  began  ;  the  fermentations 
were  ftudied  and  claffed  ;  the  immediate  mate- 
rials of  plants  were  carefully  purified  and  diftin- 
guiihed  from  each  other ;  the  properties  of  each 
were  ftudied  and  determined;  feveral  even  of 
thefe  materials,  fuch  as  gluten,  caoutchouc, 
the  effential  falts,  and  colouring  fubftances  were 
difcovered ;   etherification  became  one  of  the 

.  moft  conftant  and  remarkable  phenomena  of  the 
analyfis  of  alcohol ;  the  arts  which  have  vege- 
tables for  their  obje6l,  particularly  baking, 
dyeing,  fope-boiling,  &c.  received  very  great 
improvements. 

31.  The  animal  analyfis  derived  advantages 
from  the  birth  of  philofophical  chemiftry,  from 

'  the  fcientific  focieties,  and  from  the  fuccefsful 
labours  of  thofe  chemifts  who  flourilhed  in  the 
third  period  of  the  hiftory  of  the  fcience,  equal- 
ly great  with  thofe  of  the  chemiftry  of  mine- 
rals  and  vegetables.  Schloffer  and  Margraaf 
made  the  valuable  difcovery  of  phofphoric  falts 
in  urine,  and  of  the  true  origin  of  the  phof- 

phorus 
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phorus  extracted  from  this  animal  fluid.  Ron- 
die,  the  younger,  and  PouUetier  de  la  Salle 
examined  the  animal  fluids  and  fome  of  the 
folids.  The  property  of  animal  fubllances  of 
producing  volatile  alkali  by  heat  and  putrefac- 
tion was  proved,  which  Van  Helmont,  upwards 
of  a  century  before,  had  indicated  as  one  of  the 
diftindive  charaders  of  thefe  bodies :  the  caufes 
and  phenomena  of  putrefaftion  were  alfo  ftudied 
with  confiderable  attention.  But,  in  the  courfe 
and  number  of  thefe  labours,  it  muft  be  admit- 
ted that,  notwithfl:anding  the  connection  al- 
ready efl:abliflied  between  them,  tlw^y  have  left 
the  fcience  in  that  vague  and  indeterminate 
ftate  which  is  like  wife  obfervable  even  in  the 
.  vegetable  analyfis,  and  which  forms  the  diftinc- 
dve  character  of  the  period  on  which  we  treat 
with  refpeft  to  organic  fubftances. 

32.  The  refult  of  the  hiftory  of  this  third 
period  confifts  in  the  real  formation  of  the  fci- 
ence, the  fyftematic  order  and  connedlion  efta- 
bliflied  between  all  the  known  fafts,  the  con- 
(lenfation  of  all  the  difcoveries  made  during  this 
period,  and  tlieir  methodical  difpofition  into 
a  fyftem  of  chemical  knowledge.  Moft  of  the 
important  treatifes,  in  which  clieriiical  fafts 
have  been  combined  and  publiflied,  with  a  fci- 
entific  method  that  it  would  be  in  vain  to 
expedt-before  this  period,  were  written  after  the 
time  of  Stahl  and  Boerhaave,  after  the  firfl; 
thirty  years  of  the  eighteenth  century. 

33.  Among 
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33.  Among  the  clafs  of  celebrated  chemifls 
of  whom  I  am  here  to  fpeak,  and  whofe  philo- 
fophical  works  have  glorioufly  terminated  the 
forty  years  of  the  period  under  confideration , 
may  be  particularly  mentioned,  J.  Senac,  au- 
thor of  Nouveau  Cours  de  Chimie,  fuivant  led 
principes  de  Newton  et  de  Stahl,"  publiflied  in 
1723:  2.  Juncker,  author  of  the  "Confpe&us 
Chimise  theorico  praticas,"  publifhed  at  Halle, 
in  1730,  1738,-  1744  and' 1750;  3.  Shaw,  au- 
thor of  the  *^  Chemical  Leftures  at  London,  ia 
1733 ;  4.  Cartheufer,  author  of  the  '*  Elementa 
Chemise  dogmatico-experimentalis, "  1736; 
5.  Macquer,  author  of  '^  Elemcns  (Je  Chimie 
theoretique,"  in  1749,  and  of  "  Clemens  de 
Chimie  pratique,"  in  1751;  6.  Vogel,  author 
of  "  Inftitutiones Chimin,"  Gott.  175^;  7.  Fred. 
Hoffman,  author  of  "  Chemia  rationalis  et  ex- 
perimentalis, "  1756;  8,  Spielman,  author  of 
^Unftitutiones  Chemia^,"  1763. 


Fourth  Period. 

Difcotery  of  the  Gafes;  Commencement  of  a  great 

Chemical  Revolution, 

34.  NOTWITHSTANDING  the  exertions  of 
the  operative  chemifts  of  the  preceding  period, 
an  immenfe  chafm  ftill  exifted  in  the  fcience. 
Too  little  attention  had  been  paid  to  the  influ- 
enc^e  of  the  air;  from  w^hich  the  minds  of  men 

were 
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were  diTdrted  by  the  fubjeft  of  combined  fire, 
as  explained  by  StahL     Elafiic  fluids  were  dif* 
engaged  in  many  operations  which  were  indif- 
tmSkly  fuppoied  to  be  air,  rand  thefe  which  often 
formed  the  greateft  part  of  the  products,  were 
neglected./  'There  was  alfo  an  abforption  of  air 
in  many  other  operations,  and  no  one  had  en- 
deavoured to  appreciate  its  influence.     It  was 
upon  the  knowledge  of  thefe  two  phenomena 
that  a  revolution  was  advancing,  of  which  the 
influence  was  deftined  to  produce  a  total  change 
in  the  whole  fcience  of  chemiftry.. 

35.  Van  Helmont  faw  and  myfterioufly  an- 
*  nounced  the  gafes  in  1 620. 

J.  Rey  apprehended  the  fixity  of  air  in  cal- 
cined metals  in  the  year  1630. 

Boyle  made  many  new  experiments  upon  air 
at  the  end  of  the  feventeenth  century,  but  as 
they  were  rather  phyfical  than  chemical,  his 
experiments  did  not  fufficiently  alter  the  views 
tod  manipulations  of  the  chemifts. 

Mayow  made  experiments  to  afcertain  the 
influence  of  air  in  combuilion  anJrefpiration, 
in  1669  ;  he  drewafide  the  veil  by  his  ingenious 
refearches  ;  but  they  were  almoft  unintelligible 
to  his  cotemporaries,  and  his  affertions  were 
clafled  among  hypothefes  and  Angular  opinions, 
and  the  veil  again  fell   • 

In  1723,  Hales  made  a  number  of  experi- 
ments on  elaftic  fluids  difengagcd  in  diftillation, 
&c.  but,  always  conceiving  that  he  obtained 
air  more  or  lefs  changed,  and  even  endeavour- 

■  '  JDg 
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an  opinion  on  lime  and  alkalis  quitq  oppofite  to 
that  of  BlacH.  He  admitted  in  thefe  cauftic 
fuWlances,  a  principle  of  an  ingenious  crea- 
tion, of  which  he  did  not  indeed  prove  the  exr 
iftence,  but  he  maintained  his  hypothefis  .  by 
experimjentsiclBtlculated  to  impofe  on,  many  ort^ 
dinary  thinker^.  This  principle  he  denomi- 
nated caujiicum^  or  acidum  pingue;  he  fuppofi?4 
the  tranfition  of  heat  in  lime,  alkalis  and  me- 
tals, and  thu^  explained  the  phenomena  of  all 
calcinations.  : ;    .  -. 

40,  This  new  de^rine  foon  divided  the  che^ 
mifts  into  two  claffes;  thofe  who  believed  in 
the  caulHcum  of  Meyer,  and  others  who  admit-- 
ted  the  fixed  air  of  Black.  Nearly  the  whole 
of  Germany  appeared  .  difpofed  to  adopt  the 
fyftem  of  the  acidum  pifigue,  though  it  wad 
only  an  imaginary  principle,  while  fixed,  air 
was  a  real  one;  when,  in  1769,  Jacquin,  pro^ 
feffor  of  chemiftry  at  Vienna,  in  Auftria,  pub* 
liflied  a  learned  differtation,  abounding  with 
faQs,  equally  curious  and  accurate,,  ift  which  he 
examined  and  compared  both  doftrines.  He 
evidently  proved  that  fixed  air  explained,  by 
rigorous  experiments,  the  caufi;ieity  of  the  al- 
kalis, of  lime,  and  the  aftion  of  the  latter  upon 
the  former ;  and  that  it  is  collected  by  the  ac- 
tion of  heat  during  the  calcination  of  chalk. 
The  order  of  this  learned  differtation,  the  cleaip- 
nefs  of  ^  the  ideas  of  ;ijbs  celebrated  author,  the 
force  of  his  reafoning^  and  the  nature  of  the 
fads  themfelves  which  he  q.uoted,  threw  fo  great 

^.^    alight 
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a  light  upon  the  queftion  which  was  to  decide 
the  fate  of  chemiftry,  that  the  greateft  numbet 
of  chemifts  adopted  and  admitted  theexiftence 
of  fixed  air,  as  a  body  very  different  from  com- 
mon air.  Even  the  arguments  employed  by. 
Crans^  in  oppofition  to  thofe  of  Jacquin,  in  a 
differtation  which  he  publillied  in  1770,  to  de- 
fend the  theory  of  Meyer  againft  that  of  Black, 
tended  rather  in  the  opinion  of  uien  of  perfpi- 
cuous  reafoning  to  prove  the  exiftence  and  pro- 
perties of  fixed  air,  than  to  invalidate  the  a^*- 
gaments  of  his- opponent. 

41.  Cavendiih,  a  philofopher  at  London,  pub* 
liilied,  in  1766  and  1767,  in  the  Philofophical 
Tranfadiions,  a  courfe  of  important  experi- 
ments,-which  greatly  advanced  the  knowledge 
and. general  theory  of  elaftic  fluids.  By  exa-r 
mining  fixed  air  with  apparatus  Itill  more  exa^l 
than  thofe  of  Black,  he  determined  the  princi- 
pal differences  between  it  and  air,  found  it  to 
be  heavier  than, that  fluid;  infifted  on  its  ab- 
forptioh  by  water  and  the  alkalis,  proved  thafc 
after  having  precipitated  water  from  lime,  in 
the  form  of  chalk,  it  then  rendered  the  chalk  fo- 
luble,  indicated  the  nature  of  its  acid,  fliowed 
that  charcoal  on  being  burned  produces  fixed 
air,  and  thus  he  becamfe  the  liioft  ardent  pro- 
pagator of  the  do6lrines  of  Black.  He  likewlPi 
difcovered  two  other  fpecies  of  elaftic  fluids ; 
namely,  the  muriatic  acid  gas,  and  inflamma* 
ble  air,  of  which  he  determined  feveral  of  the 
properties.     This  immenfe  advancement  proved 

the 
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the  exiftence  of  a  number  of  bodies,  all  mortf 
or  lefs  different  from  aif ;  were  capable  of  af- 
fuming  and  preferving  the  aerial  form,  and  con-  t 
fequently  that,  in  the  experiments  made  previ- 
ous to  that  period,  tnany  produ6ls  had  been 
fufFcred  to  efcape  under  that  form,  or  under 
the  name  of  air,  of  which  the  examination  of 
the  propei'ties  and  the  calculation  of  the  effe6b 
inanalyfes  and  combinations  were  undoubtedly 
of  much  importance* 

42.  The  courfe  was  thus  at  length  opened, 
to  which  all  chemifts  were  invited  for  the  pur- 
pofe  of  inveftigating  thefe  new  aeriform  pro- 
du6ls,  of  examining  their  differences,  their  na- 
ture, and  their  a6iion  upon  different  fubftances, 
and  the  adlion  of  various  bodies  upon  thenu 
The  difcoveries  relative  to  thefe  fluids  foon  in- 
.creafed  without  intermiflfion,  and  chemiftry  was 
daily  enriched  by  new  fads  of  greater  or  lefs 
importance,  on  the  nature,  difference  and  pro- 
perties of  thefe  gafeous  bodies.  Lane,  an  Eng- 
lifli  chemift,  difcovered,  in  1769,  that  iron  was 
foluble  in  water  impregnated  with  fixed  air. 
Smith,  again  comparing,  in  1772,  the  new  pro- 
perties of  fixed  air,  with  thofe  of  common  air, 
infifted  on  the  differences  which  diftinguifhed 
them,  and  attempted  to  clafs,  though  ftill  very 
isnperfeftly,  the  different  kinds  of  elaftic  fluids, 
which  he  denominated  gafes,  without  however 
yet  refufmg  to  believe  them  to  be  air  fuperfatu- 
rated  with  various  foreign  fubftances :  fo  much 
had  this  firfl  idea,  coniigned  in  the  inquiries  of 

Hales^ 
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Hales,  tended  to  retard  the  progrefs  of  difco* 
very  in  the  intimate  knowledge  of  the  true 
nature  of  thefe  fluids. 

43.  Dr.   Priellley)   who  had  been  for  fome 
time  engaged  in  immenfe  feries  of  experiments 
and  inyeftigations  concerning  the  gafes,  which 
he  improperly  defined  by  tl)e  name  of  different 
fpecies  of  air,  fuddenly  enlarged  this  courfe,  by 
indreafing  our  knowledge  of  the  gafcous  bodies, 
by  inventing  more  fimple  apparatus  than  had 
before   been  ufed  for    the  mere    purpofe    of 
collefting,  preferring,    and   transferring  them 
from  one*  jar  to  another,  and  bringing  them 
into  cont'a6l  with  other  bodies.     Woulfe,  ano- 
ther   Englifli  chemift,'*had   greatly   improved 
the  operations  of  chemiftry,  by  adding  to  the 
receivers   which  were  formerly  j^erforated,   in 
order  that  the    fubftance  fuppofed  to  be  air 
might    efcape,     tubes    which    communicated 
with  bottles  full  of  water,  in  Avhich  faline  gas 
or   vapours    were     received    and    condenfed. 
Prieftley,   one  of  the  nioft  illuftrious  philofo- 
phers  who  ever   contributed  to  the  ftock  of 
pneumatic  difcovery,  and  who  alone  difcovered 
a  greater  number  of  elaftic  fluids  than  were 
known  before  or  fmce  his  time,  publiflied  in 
1772,  his  firft  work  upon  the  different  kinds  of 
air.     He  there  examined   in  ten  feftions,  the 
fixed  air  extricated  from  beer  in  a  fl:ate  of  fer- 
mentation, with  which  he  acidulated  water  in 
the  fame  mariner  as  with  that  procured  from 
the  effervefcence  of  alkalis ;  the  air  which  has 
ferved  for  the  combuftion  of  candles,  and  for 

Vol.  I.  D  refpiration; 
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tefpiration ;  that  in  which  a  mixture  of  ful* 
phur  and  iron  had  been  expofed ;  that  which 
had  ferved  for  the  combuftion  of  charcoal  and 
the  calcination  of  metals ;  inflammable  air,  ma- 
rine air,  and  nitrous  air.  The  mere  expofition 
of  thefe  titles  prove  that  Prieftley  had  the 
double  intention  of  determining  the  change 
produced  in  air  by  combuftible  bodies^  and  all 
the  procefleii  then  called  phlogifticating,  be- 
caufe  it  was  believed  that  phlogifton  was  dif- 
engaged,  and  combined  with  air,  and  alfo  of 
determining  what  were  the  different  fpecies  of 
aeriform  fluids  obtained  in  the  numerous  expe- 
riments, in  which  a  difengagement  of  thefe 
fluids  is  afforded.  Prieftley  iftore  particularly 
coUeQed  the  proofs  that  thefe  gafes  were  very 
different  from  air,  and  that  it  is  neceffary  care- 
fully to  diflinguifh  them  ;  and  though  he  con* 
tinned  to  defcribe  them  by  the  name  of  fpecies 
of  air,  on  account  of  their  form,  he  alfo  re* 
marked  that  it  was  not  neceffary  to  confider 
them  as  folutions  of  various  materials  in  the 
air  of  the  atmofphere.     . 

44.  RoucUe  the  younger,  had  the  fame  no- 
tion of  thefe  fluids,  when,  in  1773,  'he  publifh- 
ed  in  the  Journal  of  Medicine,  a  differtation 
upon  fixed  air,  on  its  folution  in  water,  its 
combination  with  iron,  on  the  air  difengaged 
from  liver  of  fulphur,  which  was  afterwards 
denominated  by  Bergmann  hepatic  gas,  and 
which  the  French  chemifl  here  fpoken  of,  firft 
confidered  as  the  mineralifer  of  fulphureous  - 

waters,  ^ 
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Watei^^  fa  long  fought  after,  and  which  till 
that  time,  had  greatly  embarraffed  the  re* 
fearches  of  chemifts. 

45.  The  fame  year,  1773,  was  tematkable  on 
the  one  hand,  for  the  falfe  notion  which  fome 
chemifts  ftill  wiihed  to  maintain,  namely,  that 
the  different  kinds  of  fixed  air  ought  only  to  be 
confidered  as  if  air  had  undergone  fome  alter- 
ation; for  thjs  clafs  of  chemifts  confounded 
under  the  name  of  fixed  air,  the  various  kinds 
of  elaftic  fluids,  which,  accoiding  to  their  doc-» 
trine,  were  to  be  confidered  merely  as  air  im- 
pregnated with  different  foreign  fubftances, 
though  they  exhibited  no  exa6l  or  pofitive 
proof  of  this  affertion ; — and,  on  the  other, 
by  the  honourable  prize  which  the  Royal  So- 
ciety x)f  London  publicly  adjudged  to  Prieftley, 
for  having  carefully  examined  the  various  kinds 
of  gas,  which  he  fcrupuloufly  diftinguiflied  from 
common  air,  and  on  which  he  had  publifhed  his 
firft  experiments,  and  communicated  to  the  fo-^ 
ciety  the  new  refults  which  he  propofed  to  follow 
and  improve*  The  illuftrious  Prefident  of  this 
Society,  Pringle,  in  a  very  intercfting  difcourfc 
upon  the  occafion  of  the  prize  adjudged  to 
Prieftley,  repeated  all  the  difcoveries  that  had 
previoufly  been  made  upon  thefe  new  fluids, 
and  gave  an  outline  of  the  advances  which 
the  feiences  were  entitled  to  expeft  from  fuch 
fuccefsful  beginnings. 

46,  Bergmann  removed  every  doubt  with 
regard  to  the  nature  of  fixed  air  being  differ- 

D  2  ent 
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ent  from  that  of  common  air,  in  a  learned  dif- 
fertation  publifhed  in  1773.  He  proved  that 
this  fixed  air  is  a  real  acid,  and  he  diftinguifli- 
ed  it  by  the  name  of  aerial  acid.  Citizen  Guy- 
ton,  alfo  remarked  in  1774,  that  a  few  drops  of 
fulphuric  acid  in  a  great  quantity  of  water, 
produced  an  imitation  of  water  acidulated  by 
the  aerial  acid. 

Bewley,  in  1775,  adopted  the  dodrine  of  its 
particular  nature,  and  defcribed  it  by  the  name 
of  niephitic  acid. 

In  the  fame  year  Chaulnes  examined  at  Pa- 
ris the  air  difengaged  in  the  vats  of  breweries. 
He  made  fome  ingenious  experiments  on  this 
fluid  before  the  Academy  of  Scieiices  ;  he  alfo 
difcovered  the  means  of  preparing  acidulated 
water  with  facility,  by  agitating  water  over  vats 
containing  beer  in  aftate  of  fermentation. 

47.  Bayen,  in  1774,  publiflied  his  valuable 
experiments  on  the  reduftion  of  metallic  calces 
without  addition;  he  obferved  that  a  portion 
of  air  is  difengaged  ;  and  that  phlogifton  was 
not  always  neceffary  to  effeft  their  redudioii ; 
he  began  to  fhow  the  little  neceffity  and  even 
the  errors  of  the  theory  of  Stahl.  The  fame 
year,  in  the  month  of  Auguft,  Prieftley  made 
the  important  difcovery  of  vital  air,  which  he 
denominated  dephlogifticated  air ;  he  alfo  be- 
gan to  throw  confidierable  light  en  the  procefifes 
of  eudiometry. 

48.  At  this  time  chemical  difcoveries  and 
new  ideas  increafed  to  fuch  a  degree  that  it 

would 
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would  be  neceflkry  to  follow  them  from  month 
to  jxionth^  in  order  to  give  an  adequate  degree 
of  information  concerning  them.  Berthollet, 
in  1776,  publiflied  obfervations  uppa  air,  in 
which  he  ihowed  that  the  tartareous  acid  i^ 
dianged  into  fixed  air  by  heat,  that  the  ace-? 
tous  acid  gives  out  much  inflammable  and  fixed 
air  during  its  decompofition ;  that  vital  air  is 
contained  in  the  acid  of  nitre,  as  well  as  in 
metallic  calx.  Bayen  proved  that  the  aerial 
acid  is  the  mineralifer  of  fpathofe  iron  ores. 

49.  During  this  period,  Scheele,  guided  by 
the  genius  of  chemiftry,  made  his  numerous 
and    brilliant    difcoveries  in   Sweden.      Berg- 
mann  had  difcovered  that  fugar  is   converted 
into  an  acid  by  means  of  the  nitric  acid;  and 
Scheele  proved  that  this  acid  is  the  fame  as  that 
which  exilled  in  forrcl.     He  tauj^ht  us  to  difr 
tinguifli  various  vegetable  acids,   particularly 
the  citric,  the  malic,    and  the  gallic ;  he  dif- 
covejred  the  metallic  acids  of  arfenic,  tungften, 
and  imolybdenp, ;  he  threw  the  greateft  light 
upon  mangauefe ;   hje  difcovered  the  dephlogif- 
ticated  mariue  acid ;  and  he  faw  partly  the  na- 
ture of  the  volatile  alkali  and  the  pruflic  acid  ; 
apd  after  having  made  a  long  feries  of  experi- 
ments upon  air,  heat,  and  light,  he,  at  length, 
attempted  to  eftablifli  a  general  theory  of  che- 
miftry, very  different  from  that  pf  Stahl,  which 
B^rgmanu  adopted,   illuftrated  it  by  his  man- 
ner of  philofophizing,  and  enlarged  it  by  a 
jiuwb^r  of  elucidations;  but  this  theory  in- 
eluded 
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eluded  ideas  and  fuppofitions  fo  numerous  and 
fingular,  that  it  was  followed  and  adopted  only 
by  a  fmall  number  of  German  chemifts. 

50.  In  Eiigland,  Prieftley  continued  his  nu- 
merous inveftigations  relative  to  the  gafes, 
which  he  ftill  denominated  kinds  of  air;  he 
difcovered  the  fparry  acid  air,  and  the  fulphu- 
reous  acid  air.  The  number  and  oppofition  of 
his  experiments  however,  embarrafled  his  theo* 
retical  progrefs  to  fuch  a  degree,  that  he  was 
inceffantly  confounded  in  his  explanations. 
Macquer,  at  this  time,  perceiving  the  neceffity 
of  changing  the  general  theory  of  the  fcience, 
was  induced  to  fubftitute  light  inftead  of  phlo- 
gifton,  to  confider  it  as  precipitating  air,  and 
thus  to  combine  the  new  with  former  difcove* 
ries  and  -with  the  doctrine  of  Stahl.  In  the 
mean  time,  Bayen,  Prieftley,  Fontana,  Berthol- 
let,  Scheele,  and  Bergmanii,  continued  their 
labours  and  their  difcoveries.  Volta  defcribed 
his  ingenious  experiments  upon  the  inflammable 
air  of  marfhes,  on  its  detonation  with  vital  and 
atmofpheric  air,  on  the  manner  of  determining 
the  quantity  of  ^^ital  air  in- the  atmofphere  by 
this  detonation.  Prieftley  difcovered  in  vege- 
tables tlie  property  of  ameliorating  corrupted 
air  as  he  thought  it,  or  of  a6lually  giving  out 
vital  air  to  the  atmofphere.  The  mephitic  or 
aerial  acJd'was  difcovered  in  many  fubftarices. 
Fontana  difcovered  it  in  the  malachite,  and 
I,aborie  in  the -white  fpathofe  lead  ore.;   •  ^   \  ^ 
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51.  A  crowd  of  difcoveries,  new  fads,  and 
curious  experiments  fucceeded  with  aftonilliing 
rapidity.  The  academical  memoirs,  the  peri- 
odical works  and  particular  differtations  were 
fcarcely  capable  of  publiihing  all  the  new  fa6b 
that  were  difcovered.  The  fcience  engaged 
general  attention ;  and  yet  while  it  became  en- 
riched with  innumerable  facts,  its  theory  pro- 
ceeded but  flowly:  it  even  appeared  to  lofe 
ground,  and  to  be  embarraffed  amidft  thefe  im  - 
menfe  acquifitions.  Every  chemift  had  his 
particular  theory ;  and  no  complete  fyftem  was 
to  be  found,  no  certain  connexion  between 
thefe  refults  of  which  the  multiplicity  a6lually 
overwhelmed  the  fcience.  A  man  of  an  exten- 
five  mind  was  wanting,  who  might  profit  by 
this  ftate  of  uncertainty  and  indecifion,  to 
arreft  and  fix  the  progrefs  of  chemiftry.  A 
revolution  was  prepared  in  every  quarter,  but 
no  one  had  yet  undertaken  to  guide  it,  or  to 
dired  and  regulate  its  motion,  A  great  change 
in  the  theory  was  neceflary,  and  it  was  iu  the 
bofom  of  the  Academy  of  Sciences  at  Paris, 
that  it  was  effeded  under  the  aufpices,  and  by 
the  genius  of  Lavoifier.  Such  was  the  fource 
and  origin  of  the  French  pneumatic  doctrine, 
which  forms  the  fifth  period  that  I  fhall  diftin- 
guifh  in  this  hiftorical  iketch. 
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'  Fifth  Period, 

Foundation  of  the  Pneumatic  Doff  rim, 

52.  THOUGH  we  are  indebted  to  Lavoificr, 
for  a  feries  of  important  chemical  difcoveries, 
which  would  be  fufficient  to  place  him  among 
the  firft  philofophers  of  his  age,  yet  it  is  much 
rather  by  the  immenfe  improvements  which  "he 
introduced  into  the  experiments  of  chemiftry; 
by  the  exaftnefs  of  the  refults  he  deduced  from 
them ;  by  the  power  of  his  genius,  which  ex^ 
hibited  and  laid  open  a  iiew  cpurfe ;  by  the  ex^ 
tremeand  fevere  precifion  of  his  reafoning,  and 
in  ihort,  by  the  creation  of  d  new  dodrine, 
founded  upon  all  the  fafts  relative  to  elaftic 
fluids,  that  the  annals  of  the  fcience  will  con- 
fecrate  his  name  to  pofterity.  No  lefs  illuf- 
trious  than  Stahl,  for  the  generality  of  his  no- 
tions, and  the  profundity  of  his  views,  more 
fortunate  than  him  by  the  nature  of  the  labours 
of  his  age,  which  approached  more  nearly  to  the 
truth,  he  Avas  the  chief  of  that  fchool  which  by 
deftroying  all  the  errors  of  thofe  that  had  pre- 
ceded it,  was  deftined  to  raife  an  unperifhable 
monument  to  nature  by  the  eftabliihment  of  the 
French  pneumatic  doftrine. 

53.  Known  and    efteemed    by  philofophers 
fnice  the  year  1768,  for  a  number  of  exteHfive 
and  extremely  accurate  philofophical   experi- 
ments, 
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nients,  he  ardently  embraced  the  new  difcove- 

Ties  made  in  England  and  Germany  upon  fixed 

air  and  the  eiaftic  fluids ;  he  repeated  all  the 

experiments  of  Black  and  Others  in  1771  and 

1 772,  and  published  at  the  beginning  of  1774 

his  firft'work  intitled :  "  Nouvelles  recherches, 

&c.  New  inquiries  relative  to  the  exiftence  of 

an  eiaftic  fluid  in  feveral  fubftances,   and  ab*- 

fervations  on  the  phenomena  which  refult  from 

its  difengagement  or  its  fixation."     In  this  firft 

work,  Mdiich  was,  as  i%  were,  only  a  trial  of  his 

powers,  and  a  fketch  of  the  immenfe  labours 

he  had  projeiSted  and  even  then  commenced,  he 

fliowed  how  great  a  degi;ee  of  precifion  mi^t 

be  attained  in  chemical  experiments :  by  pur- 

.  "fuing  the  fixed  air  of  Black  in   its  fixation, 

its  difengagement,  its  tranfition  from  one  body 

to  another,  he  afcertained  the  quantity  difen- 

^aged  or  fixed ;  he  proved  that  it  is  difengaged 

cluring  the  reduftion   of  metallic   calces  with 

charcoal,  he  announced  that'  a  portion  of  air  is 

^xed  in  metals  during  therr  calcinationr, '.  by 

"Vrtiich  their  weight  is  augmented  ;;  he  fufpeofc- 

"^  that  charcoal  entered  into  the'  compofition 

of  fixed  air,  the  denomination  of  which  he-  re- 

jefted  in  order  to  employ  the  fimple  te-rms  elaf- 

•  tic  fluid :  he  examined  the  properties  of  water 

impregnated  with  this  fluid;  he  proved  that 

phofphorus  in  biirning,  and  becoming  an  acid,^ 

abforbs  one  fifth  of  the  bulk  of  tlie  atmbfphere, 

or  twice  its  own  weight  of  a  fubftance  exiftihg 

•in the  air;  that  water  does  not  contribute  to 

this 
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this  plienomenon ;  tliatthe  air  which  was  ab- 
forbed  appeared  to  be  fpecifically  heavier  than 
the  air  itfeif.  This  work  was,  in  faft,  only, a 
fummary  of  all  the  ideas  and  new  fa6ts  which 
he  intended  to  publifli  at  a  future  period. 

54.  Scarcely  had  Lavoifier  publiilied  this  firft 
produ6lion,  when^  aware  of  the  extenlive  en- 
gagement he  wa§  under  with  the  learned  world, 
he  prepared  all  the  materials  that  were  neceffary 
to  enable  him  to  purfue  his  new  career,  and  to 
accomplifli  the  great  objefts  which  he  had  in 
view:  accurate  implements,  numerous  labora- 
tories, learned  communications,  all  were  united 
in  the  place  of  his  refidence,  for  the  comple- 
tion of  his  views. 

In  1  ^^%  he  gave  a  memoir  upon  the  com- 
buftion  of  the  diamond,  in  which  he  made  it 
appear  that  there  is  a  remarkable  fimilarity  be- 
tween the  combuftion  of  this  body  and  that  of 
charcoal,  a  refemblance  which  has  been  ftrongly 
confirmed  fmce  that  period. 

In  1774,  he  defcribed  the  calcination  of  tin 
in  clofe  veffels,  the  increafe  of  its  weight  cor- 
refponding  to  the  lofs  of  weight  of  the  air  in 
the  veffels  in  which  he  made  the  experiments : 
he  ftated  that  this  operation  conftitutes  an  ana- 
lyfis  of  air,  by  abforbing  the  refpirable  part, 
and  leaving  the  non-refpirable  part,  which  he 
denominated  atmofpheric  mephitis. 

In   1775,    he  explained  the  nature   of  the 
aerial  principle  fufceptible  of  combining  with 
metals,  and  increafing  their  weight  during  cal- 
cination ; 
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cination ;  he  reprefented  it  as  the  moft  refpirable, 
part  and  proved  that  by  heating  precipitate  per 
/e  with  charcoal,  which  firftwhen  heated  alone, 
afforded  the  only  refpirable  air,  he  obtained 
fixed  air,  which  was  not  contained  in  the  pre- 
cipitate, and  in  the  formation  of  which  the 
charcoal  affifted. 

In   1776,   his  attention  was  direfted  to  the 
exiftence  of  air  in  the  nitrous  acid,   as  well  as 
to  the  decompofition  and  recompofition  of  that 
acid. '  After  having  obferved  that  phofphorus 
and  fulphur  abforb  one-fifth  of  their  bulk  of  air, 
on   burning,  that  by  this  abforption  they  be- 
come acids,  he  afferted  that  the   fame   effeft 
takes  place  with  refpecl  to  the  acid  of  nitre ; 
that  it  contains  air  like  the  preceding;    that 
the/acids  differ  from  each  other  only  by  the 
bafe  which  is  combined  with  air;,  that  acidity 
might  be  taken  from  or  given  to  them,  by  the 
privation  or  addition  of  air ;  that  the  metals  by 
being  diffolved  in  the  acids,  deprived  them  of 
this  air,  and  caufed  a  difengagement  of  diffe- 
rent elaflic  fluids;  that  mercury  might  thus  be 
employed  in  the  analyfis  of  acids.     He  parti- 
OKilarly^  acquainted  the  academy  with  the  ana- 
lyfis of  the.  nitrpus  acid  by  this  new  method ; 
with  tha  difference  between  the  two  acids  of 
nitre,   according  to  the  refpe^itive  proportion 
of  the  two  principles,  refpirable  air  and  nitrous 
air^  *q€  >hich  he  Ihowed  the  copippfition.     He 

planatiQUi 
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planatioTi,   and  might  therefore  be  dilpenfed 
with. 

55.  The  year  1777  was' the  real  period  of  the 
glory  of  Lavoifier,  by  the  creatioii  of  the  pneu- 
inatic  doftrine ;  by  the  numerous  differtations 
which  he  pubhfhed ;  by  the  new  fads,  the  re- 
fults  of  which  he  connefted;  by  the  attacks 
which  he  made  on  the  theory  of  phlogifton ;  by 
the  force  and  the  multiplicity  of  proofs  which 
he  accumulated  for  the  propagation  of  his  new 
doftrines,  all  founded  upon  accurate  experi- 
ments. It  was  in  the  courfe  of  this  memorable 
^ear^  to  which  he  himfelf,  in  his  fubfequent 
produ&ion,  referred  as  the  time  of  the  origin 
of  the  pneumatic  doftrine,  that  he  fucceffively 
prefented  the  eight  following  memoirs. 

a.  \  On  the  phenomena  and  refults  of-  the 
combuftion  of  phofphorus  ;  he  heie  proved  that 
atmofpheric  is  compofed  of  one-fbvirth  of  pure 
^ir  and  three-fourths  of  mephitis. 
'  b.  On  refpiration.  He  <:om pared  this  func- 
tion to  the  combuftion  of  mefcUry,  Iho wed  that 
air  corrupted  by  refpiration  extitiguifhes  a  Can- 
dle, .renders  lime-water  turbid,  is  loaded  with 
fixed  air,  which  he  denominated,  with  Bucqutt, 
cretaceous  acid;  and  that  there  is  a  deftru6liQn 
of  Vital  air ;  a  feparation  and  infulation  of  at- 
mofpheric mephitis,  and  a  ^oiiriatiOn  of  creta- 
ceous acid,  as  in  combuftion. 

c.  A  memoir  on  the  combuftion  -of  Cdndl6s 
in  common  air,  and  air>^iniiiei]^ly«f^f]^iTabU; 
^he  Ihowed  that  the  air  was  not  perceptibly  di- 

minifhed 
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m^fb^d  ill  bulk ;  that  one  tenth  was  changed 
into  cretaceous  aeid;  that  phofphorus  after- 
wards deprived  it  of  additional  refpirable  air, 
though  there  was  left  a  portion  of  0,05,  which 
pyrophorus  alone  could  abforb, 

d.  A  memoir  of  the  folution  on  mercury  in 
the  vitriolic  acid,  and  the  decompofition  of  the 
latter  into  folphureous  acid  gas,  and  into  air  emi- 
nently refpirable.  He  proved  particularly  that 
the  fulphureous  acid  is  vitriolic  acid,  deprived 
Dfpartof  itsain 

e.  A  memoir  on  the  combination  of  alum 
irith  carbonaceous  fubftances,  and  on  the  for* 
ination  of  pyrophorus.  He  fhowed  how  atmof- 
jAeric  air  was  affefted  by  this  combuftible  body^ 
which  changes  all  its  pure  air  into  cretaceous 
acid.  3 

jf.  On  the  vitriolifation  of  pyrites ;  he  prov- 
ed that  this  phenomenon  arifes  from  the  ab- 
forption  of  refpirable  air.  It  was  in  this  me- 
moir that  he  began  to  attribute  flame  and  heat 
to  the  matter  of  fire  difengaged  from  refpirable 
air,  in  proportion  as  it  became  fixed  in  combuf- 
tible bodies. 

g.  A  memoir  on  the  combination  of  the  mat- 
ter of  heat  with  evaporable  fluids,  and  on  the 
formation  of  elaftic  fluids :  he  began  to  gene- 
ralife  his  ideas  refpefting  the  nature  of  heat, 
its  two  ftates,  evaporation,  the  cooling  which 
accompanies  it,  the  heat  which,  on  the  cdntra- 
ry,  follows  the  fixation  of  elaftic  fluids,  and  to 
define  the  gafes  as  folutions  of  volatile  bodies 

iii 
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in  the  matter  of  heat : — ideas  which,  thoAigb 
formerly  taught  by  Black,  were  ftill  but  little 
known  in  France,  and  tended  to  facilitate  th^ 
introduftion  of  all  the  other  data  of  Lavoifien 

h.  A  memoir  on  combuftion  in  general.  Af- 
ter having  obferved  that  the  theories  in  natural 
philofophy  are  nothing  elfe  but  methods  of  ap- 
proximation, he  prefented  with  much  order  and 
clearnefs,  the  phenomena  of  all  combuftible  bo- 
dies, he  reduced  them  to  four  genera,  iniifted 
upon  acidification  being  their  moft  conftant  pro- 
duce, and  upon  the  poffibility  of  accounting 
for  them  all  by  the  mere  fixation  of  the  bafe  of 
pure  air,,  without  having  recourfe  to  the  phlo-? 
gifton  of  Stahl,  or  to  the  difengagement  of 
light,  which  had  juft  been  fubftituted  by  MaC" 
quer,  though,  without  deftroying  all  the  ob- 
jc6lions  and  all  the  difficulties,  which  necefla- 
rily  followed  the  admiflion  of  this  hypothetical 
principle. 

56.  In  1778,  La  voider  pubKflied  General 
confiderations  on  the  nature  of  acids,  and  the 
principles  of  which  he  conceived  them  to  be 
compofed.  In  this  treatife,  for  the  firft  time, 
he  denominated  the  bafe  of  pure  air,  the  oxidi- 
fying  principle,  or  oxigen,  and  proved  that  it 
is  contained  in  all  the  acids.  He  applied 
this  theory  to  the  formation  of  acid  of  fugar, 
the  difcovery  of  which,  due  to  Bergmann  two 
years  before,  began  to  make  fome  noife  in 
France.  He  announced  that  this  new  principle 
of  the  acids  might  be  employed  in  the  aualyfis 

of 
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of  animal  and  vegetable  fubftances;  that  char- 
coal appeared  to  exift- ready  formed  in  vegeta- 
bles, and  that  innumerable  applications  relative 
to  the  a6lion  of  Oxigen  in  moft  chemical  ope- 
rations and  phenomena,  might  be  fucceffively 
made. 

57*    In   1780    he  publiflied  three   memoirs 
which  tibrew  a  new  light  upon  the  doctrine, 
for  the  eftablifliment  of  which  he  labotired  with 
extreme  ardor  for  three  years :  by  firft  apply- 
ing to  the  examination  oif  fuch  fluids  as  could 
be  obtained  in  the  aeriform  ftate,  at  a  degree 
of  heat  little  greater  than  the  mean  tempera- 
ture of  the  earth.     He  proved  that  our  terref- 
trial  atmofphere  is  formed  of  bodies  which,  at 
the  known  temperature  and  preflure  are  capable 
of  preferving  the  aeriform  ftate ;  that   if  the 
earth  were  nearer  to  the  fun,  alcohol,  ether, 
and  even  water,  would  form  a  part  of  the  at- 
mofphere; and  that,  oh  the  contrary,  if  it  were 
at  a  greater  diftance  from  that  luminary,  water 
aiKl  mercury  would  be  folid;    that  the  three 
ftates  of  folidity,  liquidity,  and  gafeity,  depend 
onthedifferent  proportions  of  fire  combined  in 
bodies ;  and  that  the  elaftic  fluids  being  ar- 
ranged according  to  their  fpecific  gravity,  it  ia 
evident  that  the  upper  regions  of  the  atmo- 
fphere muft  be  occupied  by  inflammable  gafes, 
and  are  therefore  the  place  of  luminous  and 
combuftible  meteors. 

In  the  fame  year,   1780,  he  fliewed  the  me- 
thod of  converting  phofphorus  into  phofphoric 

acid, 
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acid,  by  means  of  the  acid  of  nitre,  and  proved 
that  this  converiion  is  eflfefted,  in  confequence 
of  the^  attra^ion  between  phofphorus  and  the 
ox igen  contained  in  the  acid  of  nitre  being 
ftronger  than  that  between  this  principle  and 
nitrous  gas. 

It  was  iikewife  in  1 780  that  he  publifhed  his 
ingenious    and    ufeful  experiments    on  heat, 
which  were  made  in  conjunAion  with  La  Place, 
the  inventor  of  the  inftrument  for  afcertaining 
thfe  quantity  of  heat,  and  on  that  account  de- 
nominated the  calorimeter.     They  flowed  that 
though  the  real  quantity  of  heat  contained  in 
each  body,  or  the  fpecific  heat,  is  a  problem 
not  yet  refolved,  yet  it  may  neverthelefs  be 
determined  what  is  the  relative  quantity  of  this 
principle  inherent  in  bodies  under  like  condi- 
tions, and  between  comparable  limits.      They 
ingenioufly  applied  this  calometric  method  to 
the  quantities  of  heat  difengaged  in  the  com- 
buftion  of  phofphorus,  of  charcoal,  in  the  for- 
mation of  the  acid  of  nitre  by  pure  air  and  ni- 
trous gas,  and  in  refpiration ;  they  drew  from 
it  important  corollaries  relative  to  inflamma- 
tions and  detonations  with  nitre,  to  the  nature 
t)f  the  blood  which  abforbs  charcoal  by  the  ef- 
fe6l  of  circulation,  and  thus  depoiits  heat,  by 
which  a  conftant  temperature  is  fupported  in 
the  regions  at  a  diftance  from  the  lungs. 

58.  The  year  1781  was  a  remarkable  epocha 
in  the  feries  of  the  refearches  of  Lavoifier,  by 
the  memoir  which  he  publiflied  on  the  forma- 
tion 
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tion  of  the  cretaceous  acid,  the  nature  and  com- 
pofition  of  which  he  had  before  only  fufpefted* 
The  coincidence  of  a  great  number  of  accurate 
experiments  induced  him  to  aflert,  as  a  fa6l 
well  afcertained,  that  this  acid  is  compofed  of 
0,28  parts  of  charcoal,  and  0,72  of  vital  air,  or 
rather  of  what  he  had,  three  years  before,  deno- 
minated the  oxigen  principle.  From  that  time 
he  therefore  diftinguifhed  this  acid  by  the 
denpmination  of  carbonaceous  acid,  or  acid  of 
charcoal  In  this  manner  it  was  that  he  com- 
pletely explained  the  produftion  or  difengage- 
ment  of  fixed  air  in  the  reduftion  of  jnetallic 
calces  by  means  of  charcoal. 

In  1782,  he  ardently  purfued,  in  feveral  me- 
moirs, the  application  of  his  new  do6lrine  to 
feveral  phenomena  of  chemiftry,  which  he  had 
not  before'  treated,  or  at  leaft  but  fuperficially. 
He  defcribed  the  method  of  greatly  increafing 
the  a6lion  of  fire  and  heat,  by  a  current  of  vi- 
tal air ;  he  defcribed  the  effeds  of  this  new 
method  on  a  great  number  of  bodies,  particu- 
larly platinal  and  the  cryfl:al  gems.  He  confi- 
dered  the  combination  of  nitrous  gas  with  dif- 
ferent refpirable  airs  with  regard  to  their  rela- 
tive falubrity,  and  lliowed  that  the  proportion 
of  vital  air  to  that  of  the  refpifable  fluids  could 
not  be  afcertained  by  this  method. 
.  He  prefented  to  the  academy  fome  general 
coxifiderations  on  the  folution  of  metals  in 
acids;  on  the  calcined  ftate  of  thofe  metals  in 
Vol,  I.  E  fuch 
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fuch  folutions,  and  on  the  gas  proceeding  from 
the  acids  during  the  procefs  of  fokition.  Thefe 
were  fucceeded  by  remarks  on  the  precipitation 
of  metals  by  each  other,  in  which  he  ihowed 
that  it  is  by  the  affinity  of  thefe  bodies  to  the 
oxigen  principle,  that  they  are  thus  feparated 
from  the  acids,  that  which  is  diffolved  giv- 
ing out  this  principle  to  the  other,  which  af- 
fumes  its  place,  while  the  former  is  depofited 
in  the  metallic  form. '  He  even  attempted  to 
eftimate,  by  this  procefs,  by  repeating  the  ex- 
periments of  Bergmann,  the  quantity  of  oxi- 
gen contained  in -each  metal  united  with  an 
acid  in  the  ftate  of  calx. 

In  the  fanie  year  he  proceeded  ftill  farther  in 
the  hiftory  of  the  Combinations  of  oxigen,  by 
endeavouring  to  determine  the  order  of  its  affi- 
nities for  the  different  bodies  to  which  it  js 
capable  of  being  united.  He  followed  it  in 
twenty-five  different  compounds,  which  he 
placed  in  their  refpeftive  order  of  attraction, 
with  regard  to  this  principle,  according  to  the 
method  adopted  for  the  conftruftion  of  the  tables 
of  affinities*. 

In  another  memoir  he  defcribed  the  various 
combinations  of  oxigen  with  iron,  according  to 
its  feveral  proportions,  and  the  different  ftates 
of  the  calces  of  this  metal.  He  infilled  on  the 
difference  between  the  properties  produced  by 
the  diverfity  of  the  proportions  of  this  princi- 
'ple. 

59.  It 
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^9.  It  was  during  the  years  1783  and  1784 
that  he  in  fome  degree  completely  eftablifhed 
his  new  do6lrine,  by  at  once  extending  its  ap- 
plicationSj   and  generalizing  its  principles,  by 
making  known  to  the  learned  world  the  fa,6ls 
relative  to  the  decompofition  and  recompofition 
of  waterr     This  brilliant  difcovery,  which  had 
fo  many  prejudices,  fo  many  obftacles  and  an- 
cient errors  to  o.vercome,  had  been  fufpe6led  by 
Citizen  La  Place,  and  was  already  far  advanced 
by  Citizen  Monge,   when  Lavoifier  expofed  it 
in  the  cleared  light  by  the  accurate  experi- 
ments which  he  publilhed,    by  the  ingenious 
machines  which  he  employed  in  conjun6tion 
with  M eunier,  who  glorioufly  died  in  the  fervice 
of  the  Republic,  while  defending  Mentz,  and 
by  the  important  conclufions  he  had  begun  to 
deduce.      Hence  he  explained   the  fource  of 
that  inflammable  gas,  which  is  obtained  during 
the  folution  of  feveral  metals  in  acids,    and 
during  the  decompofition   of  vegetable  fub- 
ftances;  he  explained   how  and   in  what  in- 
ftances  water  bums  combuftible  bodies,  or  in- 
creafes   their  combuftion  when    once  began; 
how  it  effefts  the  calcination  of  metals;  and 
how  this  fluid  is  decompofed,   or  formed  in  a 
great  number  of  chemical  operations. 

60.  The  difcovery  of  the  nature  of  water 
opened  a  new  field  for  other  fucceffive  difcoye- 
ries,  which  Lavoifier  continued  to  make  for  fe- 
veral fucceffive/  years;  particularly  on  the 
abundance  of  water,  furni/lied  by  fpirit  of  wine 

E2  and 
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and  oils  in  combuftion ;  the  produftion  of  thtf 
carbonic  acid  by  water,  brought  in  contaft 
with  ignited  charcoal ;  on  the  water  formed  by 
the  combullion  of  charcoal,  which  fo  frequent- 
ly retains  one  of  the  principles  of  this  liquid  in 
its  combination;  and  on  the  decompofition  of 
water  which  takes  place  in  all  vegetable  fub- 
ftances,  when  expofed,to  high  temperatures. 

At  the  fame  time  that  he  purfued  all  thefc 
fortunate  applications  of  the  laft  capital  dif- 
eovery  on  the  nature  of  water,  from  1783  to 
the  end  of  1786,  he  conceived  it  neceffary  again 
to  attacli,  by  powerful  arguments,  publiihed  in 
feveral  memoirs  during  this  period,  thefe  mo- 
difications which  had,  for  fome  years,  been  in- 
troduced into  the  doftrine  of  Stahl,  b;j^fhowing 
that  a  number  of  different  phlogiftons  had  been 
admitted,  contrary  to  the  opinion  of  that  ce- 
lebrated chemifl,  and  alfo  the  new  theory  of 
Scheele  and  Bergmann,  by  proving  that  their 
opinion  on  the  pretended  union  of  phlogiflon 
with  vital  air,  to  form  heat,  admitted  fuppofi- 
tions  without  number,  and  hypothefes  deprive4 
of  all  foxmdation  and  proof. 

01.  Thus  did  Lavoifier,  by  the  uninterrupted 
labour  of  fifteen  years,  by  fuccefTive  difcove- 
ries,  by  more  exa6l  and  precife  refearches  than 
any  that  had  before  been  made  in  chemiftry, 
and  even  by  availing  himfelf  of  all  the  difco- 
vcrics  of  other  chemifts  and  philofophers  of  his 
time  refpefting  the  elaltic  fluids,  re-examine  all 
the  foundations  of  the  fcience,  regenerate  all 

its 
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its  parts :  and,  after  having  treated  at  lengtli  on 
eombuftion  in  general,  on  the  calcination  of 
metals,  on  the  analy (is  of  air,  on  the  nature, 
the  formation,  and  the  decomp/ofition  of  acids, 
on  metallic  foluti(jns,  on  the  compofition  of 
water,  on  the  analyfis  of  vegetables,  on  fer- 
mentation, refpiration,  &c.  obje6ls  which  em^ 
brace  the  whole  fcience  of  chemiftry;  he,  by 
this  means,  eftabliilied  the  durable  monument 
of  the  pneumatic  doftrine,  by  ftating  the  bafe 
of  vital  air,  which  he  had  defined  by  the  name 
l&f  oxigen,  to  a6l  the  moft  important  part  in  all 
the  phenomena  of  nature  and  art. 


Sixth  Period. 

ConfoUdation  of  the  Pneumatic  DoSrine ;  methodical 

Nomenclature, 

62,  IT  is  eafy  to  conceive  that  fo  great  a 
change  as  that  ^ffe6led  by  Lavoifier,-— fuch  an 
aftonifhing  reverfe  of  ideas  and  principles,  could 
not  be  eftablifliedin  the  learned  world  without 
meeting  with  great  oppofition,  and  many  ob- 
jeftions.  Moft  chemifts  and  philofophers  at 
firft  doubted  the  bafes  of  the  theory  propofed 
by  their  cotemporary ;  and  the  whole  body  of 
chemifts  notwithftanding  his  experiments  and 
new  refults,  continued  to  adopt  the  doftrine  of 
phlogifton  from  1777  to  1787,  and  to  modify 
foine  parts  of  it  only,  according  to  the  ex- 
ample 
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ample  of  Macquer.  But,  after  the  difcovery 
of  the  nature  of  water,  thofe  who  had  atten- 
tively followed  the  courfe  and  progrefs  of  La^ 
voifier,  began  to  coincide  with  him,  and  to 
think  that  the  hypothefis  of  phlogifton  fo  far 
from  being  neceflary  to'  explain  the  phenomena 
of  chemiftry,  is  in  truth  detrimental,  and  tends 
to  embarrafs  the  theory. 

63.  One  of  thofe  who  were  mod  afliduous 
among  the  French  chemifts,  and  whofe  experi- 
ments approached  neareft  to  the  refults  obtained 
by  Lavoifier,  was  Citizen  BeithoUet,  who,  after, 
having  difcovered  the  real  nature  of  the  pre- 
tended dephlogifticated  marine  acid  difcover- 
ed by  Scheele,  of  the  volatile  alkali,  fulminating^ 
gold,  fulminating  filver,  as  well  as  the  influence 
of  the  pxigen  principle  in  the  difcolouring  of 
vegetable  fubftances,  the  condenfation  of  oils, 
&c.  was  the  firft  who  folemnly  renounced  the 
phlogiftic  dodrine  in  1785,  and  adopted  with 
ardor  and  attachment  the  dotlrine  of  Lavoifier, 
which  he  fo^n  applied  fo;-  explaining  all  the 
phenomena  which  he  continued  to  obferve  and 
defcribe  in  his  numerous  inyeftigations, 

64.  At  the  fame  time  feveral  illuftrious 
geometers  and  natural  philofophers  of  the  Aca- 
demy of  Sciences  at  Paris,  as  Condorcet,  La 
Place,  Coufin,  Mpnge,  Coulomb,  and  Dionis, 
who  zealoufly  attended  the  learned  converfa- 
tions  held  at  the  houfe  of  Lavoifier,  where  they 
were  witneffes  of  his  experiments,  and  encou- 
raged his  efforts,  were  decidedly  in  favour  o^ 

hi^ 
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his  doftrine,  and  found  his  method  of  reafoning 
far  fuperior  to  that  which  had  previoufly  been 
adopted  in  chemiftry ;  fo  that  this  do6trine  fooa 
became  that  of  moft  of  the  members  of  the 
academy,  who  propagated  and  illuftrated  it,  Jby 
defending  it  on  every  occafion  againft  thofe 
who  attacked  it  even  with  a  kind  of  exafpera- 
tion. 

65.  About  the  clofe  of  the  year  1786  Ci- 
tizen Guyton  Morveau,  who  came  to  Paris 
to  witnefs  the  lateft  experiments  of  Lavoifier 
and  BerthoUet,  became  convinced  of  the  trutii 
of  their  doftrine  by  the  exa6tnefs  and  purity  of 
their  experimental  refults.  In  the  midft  of 
this  great  movement,  which  I  myfelf  had  con- 
fidered  with  attention  for  upwards  of  ten  years, 
though  till  this  period  I  had  contented  myfelf 
with  being,  in  the  two  firft  editions  of  my  Ele- 
ipents  of  Chemiftry,  fimply  the  hiftorian  of  the 
two  theories  which  at  that  time  divided  all  the 
chemifts  of  Europe,  I  followed  the  example  of 
Citizens  BerthoUet  and  Guyton.  I  entirely 
renounced  the  hypothefis  of  phlogifton,  and 
adopted  in  its  whole  extent  the  pneumatic  doc- 
trine of  Lavoifier.  I  taught  that  doclrine  alone 
in  my  lectures  ;  I  inferted  it  in  my  book  and  in 
my  differtations ;  and  at  that  period  the  French 
fchool  was  eftaibliflied,  which  foreigners  deno* 
niinated  Antiphlogiftian,  and  of  which  the 
mod  illuftrious  philofophers  in  Europe  fpeedily 
adopted  either  all  the  data  or  at  leaft  the  whole 
of  its  principal  bafes. 

66.  United 
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66.  United  by  difpofition,  by  our  opinions 
and  our  purfuits,  Layoifier,  Guyton,  Berthol-r 
let,  and  myfelf,  were  aware  that  the  revolu- 
tion efFe6led  in  chemiftry  demanded  of  us,  ii^ 
order  that  it  mig^ht  be  prefented  in  a  complete 
ftate/and  with  the  clearnefs  of  the  principles  it 
had  acquired,  a  change  in  its  nomenclature. 
Jn  fa6l,  the  ancient  terms,  invented  by  obfcure, 
myfterious,  credulous,  or  enthufiaftic  indivi-r 
duals,  or  in  the  ages  of  ignorance  and  barba-^ 
rifm,  or  with  intentions  totally  oppofite  to  thofe 
of  a  methodical  fcience,  without  any  connec- 
tion or  coherence  between  them,  in  many  inT 
fiances  founded  upon  prejudice,  errors,  or  opi- 
nions more  or  lefs  ridiculous,  compofed  an 
unintelligible  language,  which  prefented  to  the 
mind  andthe  imagination,  no  relation  with  the 
things  or  fads  it  was  intended  to  teprefent. 
We  perceived  the  neceffity  of  creating  a  nomen* 
clature  entirely  new,  which  fliould  be  eftablifli- 
led  upon  the  truths  lately  difcovered,  and  free 
from  every  thing  9f  an  arbitrary  or  hypothfeti- 
cal  nature,  as  well  as  of  every  objeS  foreign  to 
chemical  knowledge.  To  the  oxigen  of  La- 
voifier  we  gave  the  name  of  oxigen  to  render 
it  more  fuitable  to  the  genius  of  the  French 
language ;  to  the  inflammable  principle  of  wa- 
ter and  of  all  the  combuftible  vegetable  com- 
pounds we  gave  the  name  of  hidrogen ;  to  the 
bafe  of  the  non-refpirable  fluid  of  the  atmo- 
fphere  we  give  the  name  of  azote :  thefe  are 

thQ 
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the  only  words  really  new  which  have  been  thus 
introduced  into  the  fcience. 

67>  To  all  the  acids,  in  like  ftates,  we  gave 
a  fimilar  termination;  to  bodies  combined 
with  oxigen  without  becoming  acids,  we  gave 
the  general  denomination  of  oxides.  The 
combinations  of  fimple  combuftibles  with 
earthy,  alkaline,  and  metallic  bafes,  alfo  receiv- 
ed an  ^identical  termination.  We  employed 
with  great  advantage  a  fimple  variation  in  the 
terminations  of  words,  to  denote  combinations 
which  are  analogous,  in  their  nature.  Our 
words  all  became  fufceptible  of  taking,  when 
necelfary,  the  charafter  of  fubftantives,  adjec- 
tives, or  verbs.  Subftances  fimilar  in  their  na- 
ture, were  defigned  by  words  of  the  fame  gen- 
der ;  all  the  alkalis  and  earthy  bodies  received 
names  of  the  feminine  gender;  all  the  metals 
mafculine:  thus  we  prefixed  the  French  article 
le  to  platina  and  manganefe,  as  well  as  to  the 
names  of  lead,  iron,  copper,  zinc,  &c.  Accord-, 
ing  to  this  method  of  fyftematic  denomination, 
the  numerous  clafs  of  falts  became  more  eafy  to 
be  difpofed  with  regularity,  to  be  clafled  with 
method,  and  to  be  diftinguiflied  even  to  their 
fpecies ;  fo  that,  far  from  the  apprehenfion  that 
it  might  no  longer  be  poffible  to  retain  them  in 
the  memory,  with  their  comparative  qualities, 
as  the  names  of  men  or  fpecific  properties  which 
had  been  given  to  them  gave  reafon  to  enter- 
tain, it  was  foon  found  that  this  new  language 
facilitated  in  a  fingular  degree  their  ftudy  and 

their 
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their  claflification.  Such  was  the  courfe  we 
followed  in  this  undertaking,  and  luch  is  the 
ground  of  the  title  it  has  defervedly  received, 
of  a  methodical  fyftem  of  nomencUture. 

68.  An  incalculable  advantage  like  wife  fud- 
denly  refulted  from  this  work  which  had  be- 
come fo  urgent  and  fo  neceffary.  As  we  were 
obliged  to  prefent  in  afingle  table,  tlie  repre- 
fentation  of  a  great  number  of  bodies  which 
began  to  be  known  in  chemiftry,  the  produc- 
tions of  nature  and  art  thus  became  claffed  ac- 
cording to  a  method  entirely  different  from  that 
which  had  been  before  adopted.  AH  the  "ele- 
ments of  the  fcience  were  exhibited  in  this 
tablp,  and  ftudents  derived  fo  much  advantage 
from  this  new  claffification  of  obje6ls  fo  faith- 
fully reprefented,  and  as  it  were  delineated  be^ 
fore  their  eyes,  and  rendered  ftriking  to  the 
imagination  by  the  nomenclature,  that  the 
ftudy  of  the  fcience  became  as  cafy  and  fimple 
as  it  had  before  been  complicated  and  difficult. 

69.  The  pneumatic  dodlrine  thus  adopted, 
and  propofed  to  the  learned  world  by  the  re- 
union of  the  French  chemifts  abovementioned, 
foon  caufed  the  greateft  fenfation,  and  threw  a 
great  light  among  all  nations  in  which  che-« 
miftry  is  cultivated,  The  nomenclature  in 
which  the  foundations  *  of  the  fcience  were 
traced  o.ut,  was  fpeedily  tranflated  into  all  lan- 
guages. In  order  to  render  if  not  the  expref-* 
fions,  at  lead  the  ideas  of  the  original;  the 
idiQms,   convprfions,   and  particular    arrange-* 

xnents 
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ments  required  by  the  genius  of  each  language 
were  adopted ;  and  though  the  pneumatic  doc- 
trine, for  feveral  years  after  1 787,  the  date  of 
its  confolidation,  met  with  fome  antagonifls  and 
opponents'  in  England  and  Germany,  it  alfo 
obtained  ftrong  partifans,  {kilful  and  zealous  de- 
fenders in  thofe  countries,  fo  that  it  foon  be- 
came generally  extended  throughout  Europe. 

70.  In  England,  the  celebrated  Cavendifh, 
Kirwan,  Nicholfon,  Pearfon,  Ten  nan t,  &c. ;  at 
Edinburgh,  the  illuftrious  Black,  the  chief  and 
the  Neftor  of  this  great  chemical  revolution ; 
in  Italy,  Dandolo,  Volta,  Venturi,  Spallanzani, 
&c. ;  in  Germany,  Girtanner,  Klaproth,  Hum- 
boldt, Hermbftsedt,  Scherer,  Schmeifler,  &c. ;  in 
Holland,  Deyman  Van  Trooftwyck,  Lauweren- 
burg,  &c. ;  in  Spain,  Prouft,  Chabanon,  Are- 
zula ;  every  where,  in  a  word,  where  this  ex- 
cellent fcience  is  cultivated,  the  fchools  either 
profefs  no  other  theory  than  the  pneumatic  doc- 
trine, or  have  adopted  its  principal  fundamental 
points ;  and  though  fome  {kilful  profeffors,  fuch 
as  Gren,  Richter,  Gottling,  &c.  have  continued 
to  combine  with  it  a  fmall  portion  of  the  an- 
cient phlogiftic  theory,  the  latter  emits  only  a 
pale,  feeble,  and  expiring  gleam  in  the  prefence 
of  the  brilliant  illumination  of  the  pneumatic 
doQrine.  I  do  not  here  fpeak  of  the  fuccefs- 
ful  applications  which  are  inceflantly  made  of 
this  do6lrine  to  all  the  arts  and  fciences ;  the 
different  branches  of  chemiftry  which  I  have 
^iftinguiflied  in  the  preceding  article,  are  fuf^ 

ficient 


70  HISTORICAL    SKETCH 

ficient'  to  ihow  how  greatly  we  are  indebted  to 
this  do6lrine,  and  how  much  we  have  ftill  to 
hope  from  its  energies^ 


Article  IV.  ' 

On  the  chemical  Nature  of  BodieSj  and  the  Principlen 
which  Chemifls  hdve  admitted  into,  their  Compofition. ' 

1.  CHEMISTS  have  long  direaed  their 
whole  exertions  and  inquiries  to  the  decompo- 
fition  of  bodies,  in  order  to  afcertain  their  ele- 
ments or  conftituent  parts.  Hence  it  was  very 
natural  that  they  fhould  form  particular  no- 
tions or  fyftems  refpefting  the  principled  which 
compofed  them.  Many  experiments  have  been 
neceflary  and  more  particularly  a  method  of 
reafoning  and  philofophifing  with  great  accu- 
racy and  precifion,  before  thofe  pofitive  potions 
on  this  objeft  could  be  acquired,  which  the 
fciehtific  world  has  poflefled  for  the  laft  twenty 
years. 

2.  Thus  the  early  chemifts,  not  content  with 
the  opinions  of  the  ancient  philofophers  relpeft^ 
ing  the  elements  of  bodies  and  more  particularly 
that  of  Ariftotle  on  the  four  elements,  being 
alfo  defirous  of  eftablilhing  a  particular  fchool 
and  fyftems  in  fome  meafure  appropriated  to 
the  nature  of  their  works  and  experiments,  ad- 
mitted five  principles  in  the  time  of  Paracelfus, 
Tq  every  thing  volatile  and  odorant  they  gave 

the 
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the  name  of  fpirit  or  mercury;  fulphur  or  oil 
denoted  every  thing  inflammable;  phlegm  or 
water,  ^very  infipid  fluid ;  earth,  all  that  which 
is  dry,  infipid,  fixed  and  infoluble;  fait,  every 
thing  which  is  fapid  and  foluble,  A  difl:inftion  , 
of  this  nature  could  not  long  endure,  becaufe 
on  the  one  hand,  fire  and  air  were  overlooked, 
and,  on  the  other,  the  name  of  principles  was 
given  to  compound  matters,  fuch  as  fpirits  and 
falts. 

3.  Becher,  a  man  of  a  more  philofophic  mind, 
being  ftruck  with  the  loofe  and  indeterminate 
eflfe^  of  the  principles  of  Paracdfus,  general- 
ized and  added  greater  fimplicity  to  his  notions 
refpefting  chemical  principles.     He  admitted 
two  only,  eartli  and  water ;  the  firft  denoting 
every  thing  which  is  dry,  the  fecond  every  thing 
which  is  humid.     He  diftinguiihed  thefe  earthy 
principles,   namely,   firft,    vitrifiable    earth,   or 
the  earth  of  fand,  of  flints,  and  of  rock  cryfl;al ; 
this,  according  to  him,    was  the  principle  of 
drynefs,  of  fixity,  of  infufibilitj^  and  of  hard- 
nefs:    fecondly,    the    inflammable    earth    the 
fource  of  combuftibility.     This  is  the  principle 
which  Stahl  named  phlogiftoij,  and  which  he 
confidered  as  fixed  fire ;  and  thirdly,  the  mer- 
curial earth,  the  principle  of  volatility  and  of 
gravitation  at  the  fame  time,  which  he  admit- 
ted in  mercury,  in  the  metals  in  general,  and  in 
fome  other  bodies.     This  laft  hypothetic  pro- 
du6lof  his  imagination  could  never  be  proved 
to  exift  .by  Stahl,  though  he,  with  great  inge- 
nuity, 
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nuity,  rendered  the  exiftence  of  his  inflamma*^ 
ble  earth  probable. 

4.  After  the  time  of  Becher  and  Stahl,  and 
more  efpecially  after  the  labours  of  Boyle  and 
Hales  on  elaftic  fli^ids,  chemifts  again  admitted 
the  four  elements  of  Ariftotle  in  the  compoiition 
of  all  bodies  which  had  been  fuppofed  to  be 
formed  of  that  number  of  principles,  namely, 
fire,  air,  earth,  and  water.  Neverthelefs,  fome 
chemical  philofophers  while  they  preferved  ta 
thefe  four  fubftances  the  name  of  elements, 
before  the  epocha  of  that  chemical  revolution 
which  has  proved  that  three  of  them  have  not 
the  properties  of  true  elements,  were  careful  to 
diftinguifh  the  principles  which  th^y  confidered 
as  ftill  more  fimple  than  thofe  elements  them- 
felves,  and  affirmed  to  be  their  conftituent  parts. 
This  opinion  which  approached  that  of  the 
ancient  philofophers  refpefting  the  monades 
and  atoms,  was  the  more  hypothetical  in  on6 
refpe6^,  and  unfounded  in  another,  becaufe 
.while  they  thus  admitted  elements  of  elements^ 
beings  which  their  experimental  proceffes  were 
very  far  from  exhibiting  or  even  juftifying  a 
fuppofition  of  their  exiftence,  they  qualified,  at 
the  fame  time,  with  the  name  of  principles, 
thofe  fubftances  of  great  complication  which 
they  obtained  immediately  from'  vegetables. 

5.  It  is  true,  that  in  this  method  of  diftin- 
guiiliing  the  principles,  and,  in  order  to  pro- 
duce a  kind  of  arrangement  and  apparent  per- 
fpicuity  in  their  diftinftions,  the  fame  chemifts 

admitted 
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admitted  primitive  and  fecondary  principles, 
proximate  and  remote  principles,  principiant 
and  principiate  principles;  expreflions  which 
have  become  pbfolete  fince  the  revolution  in 
chemiftry,  but  of  which  it  is,  neverthelefs,  ne- 
ceflary  to  form  fome  conception  in  order  to 
undcrftand  the  books  of  chemiftry,  and  to  form 
an  accurate  notion  of  the  means  by  which  we 
have  gradually  fucceeded  in  afcertaining  the 
inutility  and  even  the  danger  of  fuch  diftinc- 
tions. 

The  primitive  principles  were  fuch  as  could 
not  be  decompofed ;  they  were  the  original 
component  parts  of  bodies  :  the  fecondary 
principles  were  themfelves  compofed  of  the 
primitive,  though  they  were  obtained  from  the 
decompofttion  of  fubftances  ftill  more  com* 
pounded.  Thus  we  may  obferve,  that  under 
the  fame  name  were  confounded  fimple  bodies 
and  others  of  greater  complexity. 

The  fame  error  exifted  in  the  two  other  dif- 
tindlions  of  principles  which  were  in  fadt  merely 
fynonimous  variations  of  thofe  two  fiift  deno- 
minations. The  proximate  principles  M^ere 
fuch  as  are  obtained  from  a  firft  or  immediate 
decompofition ;  the  remote  principles,  which 
formed  by  their  union  the  proximate  principles, 
were  obtained  only  by  the.  decompofition  of 
,  thefe  laft.  Thefe  wxre  alfo  named  principiate 
and  the  others  principiaftt  principles.  It  is 
evident,  that  every  clear  idea  of  fcience  muft 

have 
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have  been  confounded  and  overturned  by  dii% 
tinftions  of  this  nature. 

6.  Macquer  was  not  more  happy  in  his  deter- 
minations, or  rather  in  the  propofit ions  which  he 
offered  upon  this  obje6l.  For  as  he  directed  his 
attention  to  amend  the  terms  without  rectifying 
the  notions  they  reprefented,  and  as  he  perpe^ 
tually  confounded  obje6ts  really  difliri6l  or  even 
difcordant,  he  was  defirous  that  the  principles 
fliould  be  denominated  according  to  their  order 
of  compofition  and  of  the  compounds  which 
afforded  them,,  by  the  appellations  of  principles 
of  the  firfl,  of  the  fecond,  and  of  the  third  order. 
But,  in  this  method,  the  erroneous  denomina* 
tion  of  principles  was  conflantly  applied  to 
compounds  more  or  lefs  multiplied,  and  error 
was  propagated :  becaufe,  if  we  aim  at  the  ab- 
folute  difcovery  of  the  principles,  we  ought  not 
to  admit,  of  more  than  one  order ;  it  being  evi- 
dent, that  when  they  are  once  united  together, 
they  do  no  longer  in  truth  belong  to  the  clafs 
of  principles,  but  to  that  of  compounds. 

7.  At  prefent  we  have  renounced  all  theie 
abufive,  arbitrary,  and  erroneous  diftinftions. 
It  i«  admitted,  that  if  the  word  principles  be 
applied  only  to  the  firft  conftituent  particles  of 
all  bodies,  they  are  perfeftly  and  entirely  un- 
known ;  that  they  cannot  be  the  objefts  of  our 
fenfes,  and  that  we  fhould  employ  ourfelves  in 
n^cre  fuppofition  and  vague  arrangement,  if  we 
were  to  attempt  to  determine  their  nature,  theif 
number,  or  their  differences ;  and,  in  a  wordy 

that 
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imi  a  true  philofopher  ought  to  abandon  all 
thefe  abftraft  notions  which  have  been  diffemi- 
nat^d  at  different  periods  on  this  fubjefl;. 

8.  It  is  alfo  known  that  if  we  underftand  by 
elements  (a  denomination  fomewhat  more  pre- 
cife  than  that  of  principles,  though  it  has  fome- 
times  been  confounded  with,  and  fometimes  dif- 
tinguiflied  from  them)  fuchfimple  orundecom- 
pofed  bodies  as  are  found  in  the  decompofitioli 
of  all  others,  there  are  a  much  greater  number 
of  elements  or  ,matters  which  poffefs  thefe  two 
united  charafl;ers,  than  the  pretended  elements 
admitted  previous  to  the  time  of  the  chemical 
revolution ;  and  that  among  thofe  four  bodies, 
which  have  fo  long  been  confidered  as  elements, 
there  are  three  at  leaft,  which,  fo  far  from  being 
undecompofed  fubftances,  do  prefent  a  decom-^ 
poiition  more  or  lefs  eafy,  or  varieties  more  or 
lefs  numerous.  Every  motive  therefore  re- 
quires, at  the  prefent  period,  that  we  Ihould 
renounce  the  ancient  ideas  refpefting  principles 
as  well  as  elements,  and  that  we  iliould  ufe  thefe 
two  denominations  only  comparatively,  and 
without  attaching  to  them  that  exaiSl,  determi- 
nate or  limited  value  which  has  formerly  been 
attributed  to  them. 

9.  It  was  riot  alone  refpefting  the  principles 
and  elements  of  bodies,  that  vague,  obfcure,  or 
uncertain  notions  were  entertained  :  the  con- 
clufibtis  adopted  refpefting  the  different  clafTes 
of  compound  bodiea,  or  the  comparative  dif- 
ferences of  their  compofition,  were  equally  in* 

Vol,  I.  F  accurate; 
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AQCurate.  The  mere  enumeration  of  the  word^ 
which  were  adopted  to  exprefs  them,  will  ferve 
to  give  a  proper  notion  of  this  ancient  diftinc- 
tion.  The  compounds  .formed  by  the  union  of 
two  or  more  elements,  was  called  amixt;  and, 
as  all  bodies  were  for  a  long  time  regarded  as 
refulting  from  the  immediate  combination  of 
the  four  elements,  the  word  mixt,  fo  often  ufed 
in  chemiftry,  was  nearly  fynonimous  with  that 
bf  body ;  fo  that  this  term  alone  defignated  al*- 
moft  every  one  of  the  orders  of  compoundsL 
When  an  attempt  was  made  to  introduce  more 
accurady  into  thefe  denominations,  the  word 
ihixt  was  confitied  to  the  union  of  two  ele- 
ments ;  the  word  compound  was  applied  to  the 
combinations  of  two  mixts ;  fur-compounds 
to  the  union  of  two  compounds ;  decompounds 
to  fuch  as  were  formed  of  two  fur-compounds'; 
and  fur- decompound  w^s  applied  to  denote 
the  mafs  formed  of  two  decompounds^  Not 
to  mention  that  thefe  denominations  were  cal- 
i>ulated  only  to  embarrafs  and  over-charge  the 
language  of  philofophy ;  they  were  alfo  mere 
futile  and  imaginary  diftinftions,  becaufe  it  was 
impoffible  to  give  any  inftances,  in  point  erf 
fa6l,  but  thofe  of  compounds  and  a  few  fur* 
compounds.  So  that  though  the  exprejffions 
were  detailed  in  the  elements  of  fcience,  they 
were  not  ufed  in  any  of  its  developments.  * 
10.  Macquer,  in  order  to  expunge  thefe  bar- 
«  barous  and  tirefome  denomination$,  propofed 
the  dearer  terms  of  compounds  of  the  fir^  fo- 

tond, 
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tibnd,  third  and  fourth  order.  In  the  prefent 
ftate  of  the  fcience  we  feldom  have  recourfe 
to  thefe  terms*  It  is  more  ufual  to  employ  the 
cxpreffion  of  binary  compounds  to  denote  the 
union  of  two  fimple  bodies ;  ternary  for  that  of 
thr^ ;  quaternary  for  that  of  four  fimple  bo-* 
dies ;  and  it  is  agreed  to  apply  the  expreffion  of 
fimple  bodies  to  thofe  only  which,  not  being 
decompofable  by  the  chemical  methods,  are 
admitted  as  forming,  by  their  more  or  lefs 
numerous  union,  all  the  natural  compounds^ 


Article  V. 

CeiiettTUng  the  Sepairation  of  the  Principles  of  Bodki^ 

or  the  Chemical  Analyjh* 

1.  WH£N  it  was  afcertained  that  many  na- 
tural bodies  are  compounded  of  different  prin- 
ciples, or  other  bodies  ftill  more  fimple,  methods 
vere  fucceffively  employed  to  feparate  the  prin- 
ciples from  each  other*  The  name  of  analyfis 
W^  given  to  the  art  of  effefting  this  feparation  ; 
an  expreffion  which,  fince  its  adoption  by  che* 
loifls^  has  been  received  in  every  branch  of 
human  knowledge  to  denote  the  feparations  and 
dccompofitions,  even  in  the  order  of  our  fenfa- 
tions  and  our  ideas. 

a.  The  obfervations  which  have  been  gradu-^ 
dly  accumulated  on  the  art  of  analyfing  com* 
poundi^   and  obtaining  their  principles,  have 

F  2  induced 
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induced  the  neceffity  of  afcertaining  and  dif» 
tinguifhing  feveral  diflferent  kinds  of  analyfis, 
either  from  the  method  of  operation,  or  the  re- 
fult  obtained,  or  from  the  nature  of  the  bodies 
to  which  the  fame  are  applied.  In  order  to  un- 
derftand  thefe  diftin6iions  we  muft  remark,  that 
thofe  matters  which  are  feparated  by  analyfis, 
"whatever  they  may  be,  are  diftinguiflied  by  the 
general  name  of  produ6ls,  becaufe  they  are  not 
ahVays  principles. 

3.  Under  the  firft  point  of  view  we  might  dif- 
tinguifh  a  confiderable  number  of  analyfes,  and 
carry  it  to  as  great  an  extent  as  there  are  diffe- 
rences in  bodies,  or  in  the  proceffes  which  ferve 
to  analyfe  the  compounds.  Neverthelefs,  we 
may,  by  generalifing  this  firft  mode  of  diftinc-» 
tion,  admit  four  kinds  of  analyfes:  the  me- 
chanical analyfis,  the  fpontaneous  or  natural 
analyfis,  the  analyfis  by  fire,  and  the  analyfis 
by  re-agents. 

4.  I  call  that  the  mechanical  analyfis  which, 
by  mechanical  means,  fuch  as  pounding,  walk- 
ing, or  preffure,  affords  the  lefs  complicated 
matters  contained  and  mixed  in  more  com- 
pounded bodies*  In  this  manner  the  gums,  the 
juices,  the  oils,  and  the  farina  of  vegetables  are 
feparated.  It  is  only  a  kind  of  diffefl^ion,  a 
comrhcncement  of  analyfis,  rather  than  a  true 
chemical  analyfis  ;  but  as  this  mode  of  fepara-* 
tion  is  indifpenfable,  and  muft  precede  every 
other  feparation  in  the  bodies  to  which  it  is  ap- 
plicable^ 
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plicable,  it  muft  be  carefully  diftinguifhed  from 
all  the  other  methods. 

5.  The  fpontaneous  or  natural  analyfis  is  that 
which  is  operated  by  the  mere  eflForts  of  nature^ 
and  of  which  the  chemift  often  avails  himfelf 
to  know  the  compofition  of  bodies.  Thus  it  is 
that  minerals  or  foflils  become  fpontaneoully 
altered,  and  mutually  feparate  from  each  other 
within  the  earth  or  at  its  furface ;  thus  it  is  that 
vegetable  or  animal  matters  are  flowly  decom- 
pofed  when  deprived  of  the  vital  motion ;  and 
thus  alfo  the  principles  of  moft  liquids  of  a  com- 
pounded nature,  when  left  to  themfelves,  re-aft 
upon  each  other,  and  by  fpontaneous  feparation, 
afford  the  obferver  very  much  information  re- 
fpe^ng  the  compofition  of  thofe  bodies. 

6.  The  analyfis  by  fire  is  that  which  is  ef- 
fcfted  by  the  accumulation  of  caloric  in  bodies, 
md  by  the  power  it  has  of  feparating  the  vari- 
ous particles,  and  of  favouring  their  mutual 
difengagement.  This  was  formerly  fo  much 
ufed,  that  it  was  long  thought  to  be  the  only 
power  within  the  reach  of  the  chemift.  This 
kind  of  analyfis,  however,  has  given  rife  to  great 
errors ;  and  it  was  not  till  the  revolution  of 
the  fcience,  and  the  commencement  of  the 
pneumatic  do6h-ine,  that  we  have  been  able  to 
afcertain  with  precifion  the  effeft  of  this  agent 
on  a  great  number  of  bodies.  We  no  longer 
eonfider  this  analyfis  but  as  one  of  the  means 
which  ought  to  be  joined  with  many  others  to 
eiUiibit  the  tnie  compofition  of  bodies*     It  is 

more 
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more  f)articularly  afcertainecj,  as  will  be  feen 
in  the  following  fefition  of  this  work,  that  the 
Various  quantities  of  caloric,  accumulated  in 
bodies,  have  fo  great  an  influence  on  the  order 
of  their  decompofition,  that  we  may  even  admit 
akind  of  analylis  by  cold. 

7.  The  analyfis  by  re^-a gents  is  that  which  is 
obtained  by  placing  the  compound  required  to 
be  examined  in  conta6l  with  a  feries  more  or 
lefs  numerous,  of  fuch  other  bodies  as  by  re- 
a6ling  upon  it  favour  the  feparation  of  its  prin- 
ciples. This  method  has  no  other  limits  than 
that  of  the  genius  and  information  of  the  chc- 
mift.  He  may  employ  all  the  bodies  of  nature 
and  all  the  products  of  his  art.  Every  thing 
in  his  hands  becomes  a  re-agent  provided  he  it 
well  acquainted  with,  and  has  previoufly  de- 
termined the  mode  of  adion  of  thefe  bodies 
upon  that  which  he  is  defirous  of  analyfing. 
We  might  affirm,  on  comparing  the  foregoing 
methods  of  analyfis  to  the  prefent,  that  they 
are  of  the  fame  nature,  becaufe  fire  is  truly  a 
re-agent ;  but  it  is  neceflary  to  diftinguilh  them 
on  account  of  the  diflFerent  ufe  which  chemiila 
make  of  each  in  particular  cafes,  and  the  difFe* 
rent  degrees  of  confidence  they  repofe  in  the 
one  or  the  other. 

8.  Whea  we  confider  the  difference  of  the 
analyfis  with  regard  to  their  refults,  we  muft 
diftinguiih  the  immediate  or  proximate  ana^ 
lyfis  from  the  mediate  or  remote ;  the  fimple  or 
true  analy fii^  from  the  complicated  or  falfa 

Thefe 
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Tliefe  four  kinds  of  analy  fis  require  to  be  -pre.* 
cifeiy  diftinguifhed,  becaufe  they  frequently 
prefent  themfel ves  in  chemiftry^  and  afford  very 
different  refults  with  regard  to  the  knowledge 
of  the  compofition  of  bodies. 

9.  I  call  that  the  immediate  analyfis  by  which 
the  firft  reparation  of  the  fubftahces  forming 
more  complicated  compounds  is  made;  fuch  i% 
that  which  is  ufed  for  vegetables  more  particu* 
larly  in  the  firft  mechanical  treatment.  To 
form  a  proper  idea  of  this,  we  muft  underftand 
that  the  bodies,  to  which  it  is  applied,  are  form- 
ed of  a  mixture  of  feveral  compounds,  which 
muft  be  feparated  from  each  other  before  they 
can  be  individually  analyfed.  In  this  manner 
it  is,  that  we  firft  extraft  from  the  juice  of  a 
plant  the  fecula,  the  mucilage,  the  fugar,  and 
the  proper  fait  contained  therein  which  are 
themfel  ves  compound  bodies,  capable  of  having 
their  peculiar  nature  exhibited  by  a  new  ana* 
lyfis.  It  is  by  treating  them  proximately  or 
iaunediately  by  the  firft  chemical  means,  that 
we  obtain  thefe  firft  materials  of  their  compo'* 
fition,  and  hence  is  derived  the  name  which  I 
^v€  to  this  kind  of  analyfis.  We  fee  that  it 
ought  to  precede  all  the  others.  It  differs  from 
the  mechaiiical  analyfis  becaufe  it  almoft  always 
follows,  it,  and  becaufe  the  means  made  ufc  of  in 
fliis  are  frequently  different  from  thofe  of  the 
ianechanical  procefs, 

10.  In  oppofition  to  tlie  foregoing,   I  caU 
^t  the  mediate  or  remote  analy fiS;  which,  fuc« 

'^•^.»i  geeding 
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,ceediiig±o  the  proximate  analyfis,  examines  the 
liature  of.  the  firft  compounds  which  are  obtain- 
ed by  this  laft  in  order  to  afcertain  their  intimate 
compofition. ..  This  is  entitled  to  the  name  I 
have  given  it  only  with  refpe6l,to  the  immedi- 
ate or  proximate  analyfis  ;  it  muft  only  be  dif- 
tinguifhed  from  that  analyfis  by  a  kind  of  op- 
pofition,  and,  in  order  to  form  an  accurate  no- 
tion of  the  different  kinds  of  decompofition 
which  can  be  effeded  in  bodies.  It  may  be 
claffed  among  the  different  kinds  of  analyfis 
which  we  have  corifidered  with  regard  to  their 
means,  becaufe  it  is,  in  fafit,  by  thefe  different 
means  that  we  are  capable  of  making  this  kind 
of  remote  analyfis. 

11.  The  third  kind  of  analyfis,  with  regard 
to  the  refults  afforded  by  thefe  proceffes^  is  dif- 
tinguJfhed  by  the  name  of  the  fimple  or  true 
analyfis,  becaufe  it  gives  the  produiSls  without 
alteration,  fuch  as  they  exifted  in  the  compound 
which  afforded  them*  The  chara6ler  by  which 
this  kind  of  analyfis  is  diflinguifhed,  is  that  the 
produfts  it  affords  being  re-united,  foria  again 
the  compound  fuch  as  it  was  in  its  nature  and 
quantity  before  its  decompofition.  We  feeihat 
it  is  on  account  of  this  chara6ler  that  it  is 
called  true  or  fimple;  true>  becaufe  it  giye3  re- 
fults which  are  without  error,  gin,d .  fimple^  ]ber 
caufe  the  effeda  which  accompany ,  it,  m  ta 
which  it  gives  rife,  are  not  compliijjited,  ..  3C!hi} 
kind  of  analyfis.  is  the  moft  ufeful  ajid  alfo  the 
moft  rare;  it.  demands  much,  oflac^uracy  {u4 

much 
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much  of  laboiir,  and  accordingly  it  is  that  to 
which  we  do  not  arrive  but  in  the  laft  ftage  of 
our  operations,  and  after  having  tried  all  the 
others. 

1 2.  The  fourth  kind  of  analy fis,  confidered 
with  regard  to  its  refults,  is  oppofed  to  the  fore- 
going ;  and  therefore,  I  call  it  falfe  or  compli- 
cated, becaufe  it  forms  produds  which  are  al* 
tered,  and  different  from  what  exifted  in  the 
compound  of  which  their  elements  conftituted 
a  part.  It  may  appear  difficult,  on  firft  con- 
fideration,  to  form  a  notion  how  we  can  obtain 
from  a  compound  produds  which  are  not  really 
contained  in  the  ftate  they  poffefs  when  fepa- 
rated  from  the  body  itfelf  But  this  difficulty 
U  only  apparent,  and  ceafes  to  be  fo  when  the 
caufe  is  explained,  It  is  owing  to  the  circum- 
ilance  that  the  very  complicated  compounds  to 
which  this  kind  of  analy  fis  is  applied,  contain* 
ing  a  great  number  of  principles  united  toge- 
ther at  the  fame  time,  allow  to  each  of  them 
when  feparated,  the  facility  of  combining  in  a 
nun^ber  and  order  which  are  different  from 
thofe  of  their  primitive  combination.  That  i» 
to  fay,  inilead  of  a  quartenary  compound  which 
originally  exifted,  and  in  which  the  four,  com- 
ponent principles  were  united  altogether,  there 
is  formed  by  the  kind  of  analy  fis  here  treated  of, 
two  new  binary  compounds,  different  from  the 
J5rft  ^compofitioA ;  fo  that  when  they  are  re- 
united, we  can  no  longer  produce  that  oxigir 
nal  coix^und.     This  effed  happens^  for  examr 

ple, 


,- »- 
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|)le,-  in  the  ahalyfis  by  fire  appliM-  \fr  vegetable 
of  animal  matters.  ""  '*^'- 

'  13.  The  falfe  or  complicated  anilyfis,  of 
which  the  denomination  mull  be  wellunder- 
ftood  after  the  explanation  here  given,  is  un- 
fortunately the  mb ft  frequent- of  thofe  ^hich 
ehefflifts  are -obliged  to  employ ;  but  in  caufmg 
new  methods  of  a'Aatyfis  to  fucceed  each  other 
upon  each  of  the  produ6ls  afforded,  they  arrive, 
at  length,  to  the  true  or  fimple  analyfis,  the 
term  of  th^r  labours  and  the  aim  of  their  expec- 
tation. Hence,  we  fee,  that  it  is  only  by  ap- 
plying fiicceffively  thofe  analyfes  which  differ 
either  by  their  means  or  by  their  refults,  that 
We^  can  fucceed  in  accurately  determining  the 
order  of  compofition  of  bodies,  and  the  nature 
as  well-as  the -quantity  of  their  principles. 

14.  Laftly,  by  confidering  the  chemical  ana- 
lyfis tinder  the  thti*d  relation  of  bodies  to  which 
it  can  be  applied,  we  diftinguifh  mere  particu*- 
latlythe  mineral,  analyfis,  whetf'it  bas  for  its 
objed  the  knowledge  of  fbffils}  the  vegetable 
jana:lyfis ;  and  the  animal  ahatfyfis,  when'  theft 
proceffes  are  applied  to  ftibftan ces^  of  the  li^ 
:^e6i:ive  claffes  of  organized  ^fdbftanceisr.  Birf, 
it  is  obvious,  that  we  might  multiply  theip6- 
cies  of  this  genus  to  a  much  greater  extent,  if 
we  were  to  proceed  as  is  often  done  in  fyfte*- 
matical  works,  laboratories,  '  coltefiKions^  &c. 
and  diftinguifh  the  analyfis  of  earths;  which 
are  fo  ufeful  to  agriculture  and  a  nitiltiturfe^  of 
arts ;  the  analyfis  of  ftones,  fo  adrantageOiW  to 

^  the 


CHEMICAL   ANALYSIS.  85 

the  architect,  the  fculptor,  the  engraver,  the 
jeweller,  &c.  the  analyfis  of  falts,  of  ores,  of 
water,  &c.  But  as  each  of  thefe  denominations 
carries  with  it  its  precife  definition,  and,  as  they 
may  alfo  be  as  various  as  the  demands  of  the 
feiences  and  arts  which  require  them,  it  is  ufe- 
lefs  to  dwell  any  further  upon  this  fubjefit 

15.  As  the  diftin6lions  of  the  various  kinds 
of  analyfis  are  neceffary  to  him  who  is  defirous 
of  knoAving  the  refources  of  chemiftry  and  its  ad- 
vantages ;  as  it  is  indifpenfable  to  eftablifh  them 
with  precifipn,  at  the  commencement  qf  tlig 
ftudy  of  this  fcience,  fq  likewife  they  poffefs 
another  kind  of  utility,  when  we  apply  precife 
ecmchifions  to  the  comparative  nature  of  the  dif- 
ferent proda6b?  hitherto  fubjefiled  to  thefe  dift 
ferent  kinds  of  analyfis ;  they  teach  tes  that 
bodies,  confidered  with  regard  to  the  analyst 
wluch  may  be  made  of  them,  are  difiinguiihable 
into  three  great  chemical  clafTes.  The  firft  clafi 
h  that  of  bodies  not  yet  decompofed  or  inde*^ 
compo^ible,  and  comprehends  thofe  upon  whicl| 
10  ^ijalyfis  has  any  efie&^  and  of  which  no  diU 
tmSt  principle  can  be  feparated ;  fo  that  che^ 
mifts  confider  them  as  if  they  were  fimple,  and 
fometimes  defignate  them  by  that  exprelfioix; 
The  fecond  includes  bodies  decompofable  with* 
out  alteration,  and  comprehends  all  thofe  ^to 
vhich  the  true  or  fimple  analyfis  can  be  appKed; 
and  which  afford  produfts  fuch  as  they  exifted 
in  the  compounds  of  which  they  conftituted 
part     The  number  of  bodies  which  are  fufcep-i 

tible 
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tible  of  thefe  proceffes  is  not  very  confiderable. 
The  third  clafs  comprehends  bodies  decompofa- 
ble  with  alteration,  and  embraces  the  numerous 
feries  of  compounds  which,  when  fubje^fced  to 
analyfis,  afford  produds  likewife  compounded 
but  different  from  their  ftate  of  exiftence  in  the 
firft  conipofition* 


Article  VL 

Concerning  the  chemical  Combination  of  Bodies  with 

each  other;  or  Synthefis. 

h  THE  different  methods  of  analyfiis  which 
chemifts  have  ufed  in  order  to  acquire  a  know- 
kdge  of  natural  compounds,  have  obtained  fo 
much  confidence,  and  rendered  fervices  to  fci- 
ence  of  fuch  magnitude,  that  chemiftry  itfelf 
has  frequently  been  defignated  as  the  fcience  of 
analyfes.  Neverthelefs,  when  we  carefully  com- 
pare the  refults  of  thefe  analyfes,  it  is  foon  bb- 
ferved,  that  in  many  of  the  cafes  which  appear 
to  be  analytical,  from  the  feparation  or  dif- 
union  of  the  principles  of  compounds,  no  other 
procefs  has  in  reality  been  effe6led,  than  a  dif-r 
ferent  kind  of  union  among  the  parts  or  prin- 
ciples, with  regard  to  their  number  or  propor- 
tion. 

2.  On  the  other  hand,  it  was  obferved,  that 
when  various  bodies  are  placed  in  conta^  with 
each  other,  two  and  two,  or  three  and  three, 

they 
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they  frequently  are  confounded  together  and 
form  one  fimple  whole.  This  new  totality 
formed  by  the  union  of  various  bodies,  effcfted 
by  means  of  art,  is  diftinguifhed  by  the  name 
of  compofition  or  combination. 

3.  This  union,  of  which  the  refult  is  a  com* 
pound,  has  become  a  powerful  means  for  afcer^ 
taining  the  properties  of  bodies  and  forming  a 
great  number  of  produds  ufeful  to  our  wants 
and  the  arts; — Hence  it  is,  that  chemifts  by 
oppofing  this  method  of  operating  to  the  me- 
thod of  analyiis  of  which  it  is  to. a  certain 
extent  the  inverfe,  and  confidering  it  as  on€-Qi 
the  extremes  of  their  art,  as  one  of  the  great 
means  of  their  operations,  have  carefully  diftiur 
guifhed  it  by  the  name  of  fynthefis. 

4.  Under  this  laft  point  of  view,  the  word 
fynthefis,  though  often  confounded  with  the 
terms  compofitiori  or  combination,  is  not  really 
fynonimous  but*  denotes  another  thing.  In 
h^  we  may  apply  the  word  compofition  or 
combination  to  the  produQ;  of  this  mode  ufed 
by,  chemifts  to  compofe  or  combine,  and  rer 
ferve  the  word  fynthefis  for  the  operation  it-^ 
felf,  or  power  of  which  the  operator,  in  a  cer-s 
tain  refpe6l,  avails  himfelf  when  his  intentioi^ 
is  by  experiment  to  unite  together  fuch  bodies 
as  he  knows  are  capable  of  that  procefs.  It 
is  neyerthelefs  neceffary,  that  the  fl:udent  ihould 
be  ^ware  that  the  words  compofition,  combina- 
tion,  and  fynthefU,  are  very  often  ufed  indif- 

criminately 
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criminately  for  each  other  in  writings  and  con* 
verfatiotis  upon  chemical  fubjefts. 

5.  Synthefis,  confidercd  as  the  fecond  general 
method  of  chemiftry,  to  afcertain  the  intimate 
and  mutual  adion  of  natural  bodies,  is  flill 
more  frequent  than  analyfis,  and  the  fcience, 
if  it  were  to  be  defined  from  the  ufe  Of  its  two 
^eans  of  operating,  would  be  father  entitled 
to  the  name  of  the  fcience  of  fynthefis,  than  that 
of  analyfis,  becaufe,  in, all  the  cafes  of  compli* 
cated  analyfis,  we  operate  in  truth  only  by  fyn* 
tliefis,  and  form  merely  compounds  of  an  ordef 
indeed  inferior,  but  likewife  in  number  fuperior^ 
to  that  6f  the  firfl:  compounds  fubje6led  to  thi« 
kind  of  analyfis. 

6.  Synthefis  is  fl:ill  more  entitled  to  enter 
Into  the  definition  of  the  fcience  ^  and,  in  this 
refped,  would  be  preferred  to  analyfis,  becaufe 
mi^ny  natural  bodies  not  being  capable  of  de^ 
compofition,  and  obeying  no  other  power  than 
that  of  union  or  fynthefis,  there  is  no  other 
;method  of  acquiring  a  chemical  knowledge  of 

..^hem,  than  by  combining  them  with  each  other 
and  examining  the  compounds  formed  by  thii) 
kind  of  combination. 

y.  From  the  preceding  obfervations  we  feci 
that  as  the  name  of  compofition  is  often  ufed 
inftead  of  that  of  fynthefis,  the  word  decoxn* 
|)iofition  may  alfo  be  fubftituted  for  that  of  ana* 
lyfis,  and  accordingly  we  find  that  this  is-fire- 
quently  done  in  treatifes  of  chemii^ry. 

8«  JHowev«f 
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8.  However  varied  the  operations  of  chemif- 
try  may  be,  however  numerous  and  different 
fromi  each  other  the  refults  may  be  obtained^ 
they  are  all  referable  to  analyfis  or  fynthefis, 
nd  muft  be  confidered  as  compoiitions  or  de« 
compo6tions.  Every  thing  which  this  art  is 
capable  of  accompliihing  may  be  comprehend* 
cd  under  thefe  two  general  methods,  and  mod 
^quently  they,  are  combined  together.  Such 
is  the  accurate  notion  which  we  ought  to  en* 
tertain  of  the  falfe  or  complicated  analyfis>  of 
trhic^  the  origin  and  the  produ6ls,  though  fo*^ 
xeign.in  axertain  refpe6t  to  the  firft  compounds 
^faich  afford  them,  are,  in  truth,  producc|d  by 
ct  feries  of  combinations  or  fynthefes,  which  are 
«fficded  at  the  ikme  time  that  the  decompoiition 
takes  place.  , 

-.1:       .  .  ' 

'-  Article  VII. 

-  .   ■  '  •  .      ,  ... 

4 

^  Of  the  AttraSion  of  Aggregation* 

.L  ALL  the  operations  of  chemiilry  art 
founded  on  the  force  of  attraftion,  which  na- 
turc  has  efiabliihed  between  the  particles  of 
ixxUes ;  this  force,  which  retains  the  planeiatrf 
bodies  at  determinate  diflances,  alfo  retains  the 
particles  of  bodies  in  the  vicinity  of  each  othen 
Wheri  we  confider  it  as  operating  betweien  linu* 
larparticles>  or  thofe  of  like  nature,  it  bears  tht 
lone  of  .attfaaion  of  aggregation.      ; 

a.  It 
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2.  It  is  not  this  force  of  aggregatioiL  whicll 
chemifls  employ  to  operate  their  analyfes  oi* 
fynthefes.  It  even  oppofes  itfelf  to  the  eflfedU 
they  are  defirous  of  producing  ;  and  as  they  are 
obliged,  on  account  of  this  very  oppofition,  to 
deftroy  or  to  diminifh  it,  it  becomes  eifential 
that  they  ihould  carefully  acquire  a  knowledge 
ofi  and  be  able  to  eftimate  its  power,  in  order 
to  determine  the  neceffary  means  of  overcoming 
it 

3.  In  the  early  periods  when  chemifts  pcr-> 
ceived  that  the  force  here  mentioned  oppofed 
their  operations,  being  habituated  to  explain 
the  eflfeds,  they  obferved,  by  certain  relations 
or  analogies,  which  they  fuppofed  to  exift  be^ 
tween  bodies,  they  named  this  force  the  a^nity 
of  aggregation. 

4.  The  Affinity  of  aggregation  of  the  chc* 
mifls  is  nothing  more  than  the  attra6lion  which 
exifis  between  particles  of  like  nature  adhering 
to  each  other.  Its  effeGt  is  well  expreffed  by 
the  words  adhefion  or  cohefion,  though  thefe 
words  may  themfelves  be  diftinguiflied  and 
confidered  in  truth  only  as  fynonimous  terate. 

5.  Two  folids,  moiftened  and  placed  in  con* 
ta6i,  adhere  or  attra6t  each  other  with  a  force 
which  frequently  varies  according  to  the  par- 
ticular nature  of  each.  Thus  a  metal  adheres 
more  ftrongly  to.  another  metal  than  to  a  liqui^ 
which  is  not  metallic,  &c.  We  muft  not  coioh 
found  this  phdenomenon  with  that  . of  fimple 
floating  bodies,  x>r  needles  placed  upolr  water 

which 
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%hich  attra6l  each  other,  in  the  cafe,  when  the 
two  bodies  are  either  unequally  moiftened,  or 
equally  cjifpofed  to  refill  moifture,  and  which 
repel  each  dther  conftantly,  when  one  of  them 
is  capable  of  being  wetted  and  the  other  is 
not ;  this  laft  eiFe^l,  which  is  the  caufe  of  the 
kfcent  of  M^ter  in  capillary  tubes,  depends  oti 
the  convex  or  concave  furface  formed  in  the 
water.  In  either  cafe  it  is  referrible  to  the 
doftrine  of  inclined  planes,  though  it  has  been 
confidered  by  fome  as  an  example  of  the  attrac- 
tion of  cdhefioii; 

.6.  As  it  is  a  cotiftiant  fa6l  that  bodies  attra6t 
each  other  at  a  diftance,  and  as  a  number  of  ex- 
))eriments  prove  at  the  fame  time  that  all  bodies 
abound  with  fmall  cavities  or  pores  more  or 
3efs  numerous,  we  may  coiifider  the  attradion 
of  aggregation  which  brhigs  the  particles  of 
bodies  togetherj  as  the  power  which  holds  them 
ttnly  at  certain  diftances  from  each  other  fo  that 
they  do  not  touch,  but  leave  between  each  other 
intervals  of  greater  ,or  lefs  magnitude.  '^ 

7.  From  the  exiftence  of  this  attra<5lion  be- 
tween fimrlar  particles,  the  bodies  thus  produced 
ate  called  aggregates,  in  oppofition  to  the  words 
heap,  mafs,  or  mixture,  Avhich  denotes  bodies 
whofe  particles  being  feparate  from  each  other 
do  not  form  aggregates^  A  piece  of  fulphur  is 
anaggregate ;  fulphur  in  powder  is  merely  an 
heap. 

•  8.  As  all  the  particles  conne6led  or  kept  to- 
gether by  the  force  of  aggregation,  in  an  ag- 
-VoL,  K  G  gregate, 
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gregate,  are  of  the  fame  chemical  nature,  they 
'  have  been  diftinguiflied  by  the  name  of  inte- 
grant particles  to  diftinguiih  them  from  the 
conftituent  parts  which  are  feparated  by  ana^ 
lyfis.  Thus  each  integrant  particle  of  a  binary 
compound  is  formed  of  at  leaft  two  other  par- 
ticles>  one  of  one  kind  of  principle,  and  the 
other  of  another  kind  of  principle^  This  dif- 
tinftion  is  effential  with  refpe6l  to  all  the  known 
compounds,  but  it  is  of  no  confequence  with 
^  tegard  to  indecompofable  bodies  in  which, 
while  we  confider  them  as  fimple,  we  may  tak* 
the  integrant  particles  to  be  of  the  lame  nature 
is  the  conftitueut  parts^ 

9'  When  we  compare  bodies  with  regard  t0 
the  difference  of  their  aggregation  they  are  dif- 
tinguiflied into  four  kinds  of  aggregates;  ihs 
folid  aggregate,  the  foft  aggregate,  the  liquid 
aggregate,  and  the  gafeous  aggregate.  Theft 
four  aggregates  are  corifequences  of  different  de- 
grees of  the  fame  force ;  which  has  itsmaximu© 
in  the  denfift  folid,  and  its  minimum  in  the  rareft 
and  lighteft  gas>  This  Opinion  i»  founded  on 
the  fa6l,  that  we.  are  able,  by  means  of  the  ac* 
cumulation  of  caloric  in  a  body,  to  caufe  it  to 
pafs  fucceflively  from  the  ftate  of  a  folid  ag- 
gregate to  thofe  of  the  foft,  the  liquid,  and 
the  elaftic  fluid  aggregate^  We  can  even,  by 
withdrawing  the  accumulated  caloric,  caufe  th^ 
aggregation  to  appear  again  in  all  its  force  and 
convert  a  gas  iiito  a  liquid,  and  th^  liquid  into 
a  folid, 

JO,  fiwiy 
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10*  Every  genus  of  thofe  aggregations  com- 
prehends a  great  number  of  fpecies  or  degrees 
of  folidity,  foftnefs,  liqtiidity,  or  gafeity,  which 
in  each  of  thefe  dates  may,  in  fome  inftances, 
be  more  remote  from  each  other  than  the  gene- 
ra themfelves,  notwithftanding  their  apparent 
difference.  Thus,  among  folids,  we  diftingui/h, 
bcfides  theif  regular  or  organic  form,  the  fpe*- 
cies,  and  even  the  mode  of  folidity,  by  the  dif- 
ferent degrees  of  denfity,  hardnefs,  tenacity, 
fpecific  gravity,  elafticity,  brittlenefs,  duftility, 
&c.  Among  liquids,  befides  the  variations  of 
denfity  and  weight,  the  different  modifications 
of*  aggregation  are  defcribed  by  the  words  con- 
fluence, thicknefs,  vifcidity,  un6ludfity,  &c. 
In  the  genijs  of  gafes  the  fpecific  gravity  and 
dilatibility  are  the  only  meafures  of  their  rarity, 
becaufe  they  elude  the  fight,  and  afford  fewer 
&nfible  properties  to  appreciate  the  ihades  of 
difference  between  them. 

11.  Thefe  notions  having,  in  truth,  no  rela- 
tion with  any  chemical  principle  but  that  of 
the  deftruftion  of  aggregation,  it  is  eafy  to 
imagine  that,  in  order  to  produce  this  laft  ef- 
feft,  nothing  elfe  is  required  to  be  done  but  to 
apply  a  force  to  the  aggregates,  tbat  is  to  fay, 
preffure,  or  a  blow,  the  energy  of  which  ihaU 
be  more  confiderable  than  the  force  of  aggre- 
gation itfelf.  This  is  done  in  all  the  prepara- 
tory operations  of  dividing,  chopping,  pulve- 
liziiig,  levigating,  or  filtering  the  different  na- 
tural bodies,  whether  for  the  purpofe  of  reducing 

G  2  ^      folids 
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folids  into  particles  fo  fmall  and  feparate,  that 
.the  force  of  aggregation  fhall  become  inconfi- 
derable ;  or  to  feparate  liquids  from  the  diffe- 
rent fubftances  which  affeft  tlieir  purity,  by 
rendering  them  turbid. 

12.  The  art  of  chcmiftry  which,  in  the  ditFe- 
.rent  means  it  employs  to  deftroy  the  aggrega- 
tion of  bodies,  has  really  for  its  obje6t,  to 
•caufe  thefe  bodies  to  pafs  from  the  ftate  of  phy- 
sical fubjefts  (that  is  to  fay,  fubjefts  of  which 
the  mechanical  philofophy  can  afcertain  their 
properties)  to  that  of  chemical  fubje6i:s,  on 
which  tlxis  philofophy  may  be  confidered  as  ho 
longer  operating,  pofTeffes  and  alfo  employs  the 
means  of  caufmg  them  to  appear  again  in  their 
ftate  of.  aggregates  ;  when,  after  haying  fub- 
jefted  them  to  the  aclion  of  different  agents,  it 
is  defirous  of  knowing  their  phyfical  properties, 
and  prefcrving  them  under  their  true  form^ 
They  are  then  obtained  under  the  figure  of  an 
irregular  mafs,  more  or  lefs  confiftent,  or  in 
thofe  regular  figures  which  are  called  cryfiab. 


Article  VIII. 


(Concerning  the  Attra&ion  of  Compqfitioru 

1.  CHEMISTS  can  make  no  fynthetical  no 

analytical  operation,   if  they  do  not  careful! 

ftudy  the  effefts  which  arife  from  the  attra^o: 

of  compofition.     It  is  this   force  which  pr 

..  duces, 
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duces,  and  ought  to  direft  all  the  operations  of 
our  laboratories.  It  is  this  power  which  im- 
parts the  knowledge  of  the  intimate  and  mutual 
a6lion  of  all  the  bodies  of  nature  upon  each 
other,  and  confequently  renders  us  acquainted 
with  their  chemical  properties.  The  entire  col- 
leftion  of  the  phenomena  to  which  it  gives 
birth,  do  in  effefil  conftitute  the  fcience  itfelf, 
i^^hich  confifts  merely  in  the  arrangement  and 
fyftematical  connexion  of  the  whole  of  thefe 
phenomena. 

2r.  The  attra6lion  of  compofition,  which  was 
formerly  called  chemical  affinity,  becaufe  it  was" 
fuppofed  to  be  produced  by  a  natural  relatibii 
^hetweenthe  bodies  in  which  it  is  obferved,  dif- 
dfers  from  the  attraction  of  aggregation  in  the 
circumftances,  that  this  laft  never  a6ls  but  be- 
tween limilar  particles,  and  affords  merely  co- 
herent maffes  of  greater  volume  or  denfity,  but 
of  the  fame  nature  as  thofe  parts  themfelves ; 
whereas  the  attra6iion  of  compofition  exifts 
only  between  thofe  diffimilar  particles  of  which 
the  union  and  adhefion  forms  chemical  com- 
pounds.    This  explains  the  origin  of  its  name. 

3.  The  creating  power  of  nature  has  placedy 
in  all  the  bodies  which  compofe  our  globe,  and 
probably-  alfo  in  thofe  which  belong  to  the^ 
other  maffes  of  the  whole  univerfe,  an  intimate 
force,  which  penetrates  them,  agitates  their 
particles,  and,  as  it  were,  caufes  them  to  join 
each  other,  or  at  leaft  to  approach  fo  very  near-, 
ly  together^  and  adhere  with  fufficient  ftrength 

to 
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to  form  fubftances  different  from  what  they  itf- 
dividually  were  before  their  union.  Whencfe 
it  follows,  that  the  chemift,  by  caufing  the  at- 
tm6i;ion  of  compofition  to  aft  between  natural 
bodies,  is  only  the  minifter  or  diredor,  and 
•  does  nothing  more  than  obferve  the  effefts  re- 
fulting  from  thefe  operations.  It  is  alfo,  oii 
account,  of  this  tendency  to  union,  an  expref- 
fion  fometimes  ufed  to  denote  the  attra6lion  of 
compofition,  that  the  earlier  chemifts,  who  were 
defirous  of  explaining  its  caufe,  have  fuppofed 
between  the  particles  of  bodies  a  kind  of 
friendfliip  or  aftedion,  from  which  is  derived 
the  word  affinity,  fo  long  employed  to  expreis 
this  natural  phenomenon. 

4.  When  we  confider  the  whole  feries  of  phe- 
nomena arifing  from  chemical  attraction,  or  the 
attraftion  of  compofition,  we  obferve,  that  thofe 
which  are  proper  to  defignate  its  chara6ler,  and 
confequently  to  throw  the  greateft. lights  on 
the  theories  of  fcience,  are  at  the  fame  time  fo 
conftant,  tha,t  mofl;  chemifts,  in  conformity  to 
the  propofition  I  firft  made  in  1781,  have 
thought  proper  to  diftinguifh  them  by  the  name- 
of  laws. 

5.  We  may  at  prefent  diftinguifh  ten  gene- 
ral ( laws  ot  the  attradion  of  compofition,  thcs 
confideration  of  which  fufficiently  fhows  thes 
great  influence  of  this  force,  in  all  the  pheno*- 
xnena  of  nature  and  of  art,  and  confequently* 
on  all  the  refults  of  the  operations  of  chemif— 
try.    As  each  of  thpfe  forms  a  true  chemical 
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axiom,  proper  to  explain  all  theories  of  the  fci- 
ence^  we  fhall  not  merely  recite  them  in  this 
place  without  explanation,  but  by  announcing 
them  in  fucceffion  we  Ihall  fliow  how  many  im- 
portant applications  each  of  them  is  fufcepti- 
bie  of,  and  its  relation  to  the  whole  dodlrineof 
the  fcience. 

6,  ITie  firft  law  of  the  attradion  of  compo- 
iition,  is  that  it  t&kes  place  only  between  bodies 
iff  different  nature  or  diffimilar  particles.  The 
perfpicuity  and  generality  of  this  law  are 
feen  in  its  (imple  enunciation ;  for  it  is  evident 
that  an  attraftion,  fuppofed  to  take  place  be- 
tween fimilar  bodies,  would  be  merely  that  of 
aggregation,  and  could  never  form  compounds. 
Though  moft  chemifts  have  apprehended  that 
what  has  been  called  affinity  between  bodies 
muft  be  the  effe^  of  a  relation  or  intimate 
Similitude  between  them,  the  phenomena  of 
chemiftry  pro ve,  neverthelefs,  that  the  attraction 
of  compofition  is  ftronger  in  proportion  as  the 
nature  of  the  bodies  between  which  it  is  exert- 
ed is  more  remote ;  as  far  as  we  are  able  to  af* 
certain  or  appreciate  this  diiFerence. 

7.  The  fecond  law,  the  attradtioiz  of  compofition 
takes  place  only  between  the  ultimate  particles 
of  bodies.  In  this  expreffiort'the  doctrine  al^ 
ready  exhibited  is  fhown  in  a  new  form,  nam^ 
hfj  that  it  is  neceffary  that  bodies  ihould  be  in 
;)ai  extreme  ftate  of  divifion,  and  have  paffed 
from  the  rank  of  phyfical  fubje6ls  to  thofe  of 
cbcmical ;  that  they  Ihould  have  loft  their  folid 

con- 


100       ATTRACriON    OF  ,C0Ml>OSITIO:Kr. 

10-  Chemifts  have  long  exhibited  falfe  ideas 
of  folution.  This  was  done,  not  only  by  dif- 
tinguilhing  one  of  the  bodies  by  the  denomi- 
nation of  the  folvent,  and  the  other  that  of  the 
folvend ;  a  di{lin6);ion  which,  in  faO;,  exprefles 
merely  the  folid  Hate  of  the  one,  and  the  liquid 
of  the  other  with  their  tranfition ;  but  alfo  by 
crroneoufly  attributing  to  the  folvent  a  parti- 
cular force,  virtue  or  power,  by  the  admiffion 
of  which  it  was  fuppofed  that  all  the  effeft  of 
folutibn  depends  on  the  liquid,  while  the  folid 
itfelf  appeared  to  be  a  paffive  kiiid  of  body, 
'  which  was  fubje6ted  to  division,  deftru6lion,  or, 
in  a  word,  folution,  by  the  former.  This  pro- 
cefs  of  rcafoning  was  afterwards  carried  fo  for 
as  to  imagine  that  the  folvent  had  the  form  of 
needles,  while  the  body  to  be  diffolved  was  fill- 
ed with  pores ;  and  that  the  needles  entered  in- 
to the  pores,  and  feparated  the  parts  of  the  fol- 
vent. This  mechanical  explanation  of  folu- 
tion is  not  only  a  ridiculous  fiftion  ;  but  a  very 
felfe  interpretation  of  the  phenomenon  itfelf  to 
which  it  was  applied. 

11.  In  fa6l,  there  is  no  more  effort  in  folu- 
tion, on  the  part  of  the  liquid  than  on  that  of 
the  folid.  The  Tolid  is  carried  with  as  much 
power  and  activity  towards  the  parts  of  the 
fluid,  as  thefe  laft  arc  towards  the  folid.  The 
tendency  to  union  between  both  is  equal,  and 
we  might  even,  perhaps,  be  permitted  to  fay, 
that  the  folid  employs  more  force  to  lofe  its  ag- 
gfegation  than  is  employed  by  the  liquid  in 

deftroying 
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deftroying  it.  And,  moreover,  tho^lgh  the  liqaid 
imparts  its  fluidity  to  the  folid,  the  particles 
of  this  laft,  in -proportion  as  they  are  feparated 
and  interpofed  between  thofe  of  the  liquid,  tend 
alfo  to  impart  their  folidity,  and  to  give  a  de^ 
gree  of  denfity,  fpecific  gravity,  and  confift- 
eace,  more  or  lefs,  exceeding  what  it  pofleffed 
before-  Thus,  in  every  folution,  before  the 
folid  becomes  liquid,  part  of  the  liquid  itfelf 
becomes  folid  by  interpofition  between  the  par* 
tides  of  the  folid  itfelf.  Accordingly,  in  many 
of  thefe  operations  we  fee  the  liquid  partaking 
the  folidity  of  the  folid,  inftead  of  producing 
liquefa6i;ion  in  the  folid  itfelf. 

12.  The  fifth  law.   iVhenfcveral  bodies  unite 
or  combine^   their  temperature  changes  at  the 
tery  moment  when  the  attraBion  of  compojition 
aQs  between  them.      As  w€  cannot,    in   this 
place,  attend  to  more  than   a  fimple  general 
expofition  of  the  laws  of  chemical  attraftion, 
the  full  explanation  of  the  caufe  of  this  effeO; 
will  be  given  elfewhere.     It  mull  only  be  ob- 
ferved,  that  whenever  two  or  more  bodies  at- 
tract and  combine  chemically,  their  temperature 
is  either  raifed  or  Ipwci'ed,  and  never  remains 
the  fame  at  the  moment  of  their  union.    There 
is  conftantly  either  a  produ6lion  of  fenfible  heat 
w  a  refrigeration  in  the  very  a6i;  of  combining; 
&  that  a  chemical  compound  muft  always  retain 
9  greater  or  a  Ids  portion  of  caloric  than  the 
film  of  that  which  its  component  parts  con- 
tained before^their  union*  This  habitude,  which 

hereafter 
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hereafter  we  fliall  call  the  capacity  for  caloric, 
or  the  fpecific  heat  of  the  body,  is  therefore 
changed  in  the  a6i;  of  combination,  and  the  com- 
bined bodies  are  in  another  condition  with  re- 
gard  to  the^  proportion  of  this  principle,  than 
they  were  before  the  combination  of  the  prin- 
ciples which  form  them.  We  muft  here  con- 
fine ourfelves  to  this  fimple  expofition,  and  only 
remark,  that  all  compounds,  which  at  the  mo- 
ment of  their  formation  become  hot,  lofe  ca- 
loric, and  afterwards  retain  lefs  than  was  origi- 
nally held  by  their  component  parts ;  whereas, 
on  the  contrary,  all  thofe  which,  at  the  inftant 
of  iheir  formation  become  cold,  do  abforb  ca- 
loric, and  contain  more  than  their  principles 
held  before  their  union. 

13.  The  fixth  law.  Compounds  formed  by 
chemifal  attraEtion^  P^^ffkf^  ^^^  properties  diffe^ 
rent  from  thofe  of  their  component  parts.  It 
is  the  more  neceffary  to  have  a  clear  concep- 
tion and  decided  explanation  of  this  conftant 
phenomenon,  or  law  of  the  attraction  of  com-^ 
pofition,  becaufe  chemifts  have  long  believed 
that  the  contrary  took  place  in  their  combina- 
tion.- They  thought,  in  faft,  that  the  com- 
pounds poffeffed  properties  intermediate  between 
thofe  of  their  component  parts  ;  fo  that  two 
bodies,  very  coloured,  very  fapid,  or  infipid, 
foluble  or  infoluble,  fufible  or  infufible,  fixed 
or  volatile,  affumed,  in  chemical  combination, 
a  fhade  of  colour,  or  tafte,  folubility  or  volati- 
lity,  intermediate  between,  and  in  fome  fork 

compofed 
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Compofed  of,  the  fame  properties  which  wer© 
coniidered  in  their  principles.  This  is  an  iUu- 
fion  or  error  which  modern  chemiftry  is  highly 
interefted  to  overthrow.  We  never  can  regard 
the  properties  of  a  compound  as  the  middle 
term  t)f  their  compofition.  We  fliould  never 
arrive  .by  any  calculation  or  eftimate  from  the 
properties  of  one  or  more  bodies  to  determine 
thofe  which  they  would  have  when  combined* 
Thus  bodies  abfolutely  infipid  before  their 
union,  become  acrid  and  cauftic  afterwards; 
colourlefs  bodies  form  very  coloured  com- 
pounds and  the  contrary;  matters  abfolutely 
infufible  become  very  fufible  by  their  union; 
bodies'  which  are  very  volatile  when  feparate, 
are  very  fixed  after  their  combination.  We 
can  never  conjefture  or  eftimate  the  fpecific 
.  gravity  of  a  compound  from  that  of  its  compo- 
nent parts.  The  attra6lion  of  compofition 
therefore  changes  all  the  properties  of  fuch 
bodies  as  unite;  and  it  is  always  by  experi- 
ments fubfequently  made,  and  never  by  pre- 
vious calculation,  that  we  can  determine  the 
properties  of  the  compounds. 

14.  The  feventh  law.  The  attraction  of 
compojition  is  meafured  by  the  force  required 
tofeparate  the  component  parts.  It  is  eafy  to 
conceive  that  any  natural  force  can  be  efl:i- 
mated  at  its  true  value  only,  by  that  force 
which  is  neceffary  to  deftroy  or  render  it  inef- 
fe6hial  by  oppofition.  Thus,  it  is,  that  wc 
pieafure  the  weight  of  u  body  by  fufpending  it; 
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or,  which  is  the  fame  thing,  by  preventing  its 
falling  to  the  earth  by  a  cbunterpoife  which  is 
in  equilibrio  with   it.     In  this  manner  it  is, 
that  tenacity,   or  hardriefs,    is  afcertained   by 
ineafuring  how  much  weight  is    required  to 
break  a  tenacious  or  hard  body.    It  is  thus  alfo, 
that  the  quantity  of  found  and  light  is  afcer- 
tained  by  meafuring  the  fpace  which  oppofes  a 
refiftance  to  them  during  their  paflage,   &€• 
Bat  it  is  effcntial,  however  fimple  this  explana- 
tion may  appear,  to  arrange  it  among  the  laws 
of  compofition,    becaufe  erroneous   ideas  re- 
ipe3;ing  the  mealure  or  determination  of  thig 
force  have  frequently  been  given.     By  an  at- 
tention too  immediate  to  the  firft  appearances, 
chemifts  have  fuppofed  that  thofe  bodies  which 
combine  the  moft  fpeedily  or  with  the  greateft 
quantity  of  motion,  have  the  ftrongeft  affinity 
for  each  other ;  with  thefe  chemifts,  the  fpeed 
of  combination  became  the  meafure  of  affinity. 
It  has  been  afcertained,  that  this  is  a  fource  of 
error  and  delufion.     It  often  happens  oh  the 
contrary,  that  fuch  fubftances  as  are  the  moft 
difficultly  brought  into  combination,  are  thofe 
which  adhere  the  moft  ftrongly  to  each  other. 
Whence  it  refults,  that  the  true  and  only  exa^ 
method  of  determining  the  force  of  chemical 
attraftion  between  bodies,   is  to  meafure  the 
force  we  are  obliged  to  employ  to  feparate  the 
conftitucnt  parts  of  a  compound.     The  deve- 
lopment of  the  following  laws  will  render  this 
ftill  clearer.     It  wUL  b€  fufiicient  to  add,  that 

the 
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the  time  neceflaiy  to  form  a  combination  can- 
not exprefd  its  force,  and  that  the  refpeftive 
quantities  of  the  fufoftances  capable  of  uniting, 
which  fome  modern  chemifls  have  affiimed  as^ 
the  ground  of  eilimate  in  chemical  attradion,, 
though  much  better  adapted  to  lead  us  to  the 
deiired  refult,  are  flill  too  far  from  being  known 
i^ith  fufficient  precifion  to  be  coniidered  in  the 
eftabliihment  of  a  law  refpefling  this  force. 

15,  The  eighth  law.  Bodies  have  different, 
degrees  of  attraBion  for  each  other^  which  arc 
to  be  afcertained  by  obferoation.  TKit  is  one 
of  the  iimpleft  enunciations  among  the  laws  of 
attra&ion  of  compofition,  but  it  is,  never- 
thelefs,  one  of  thofe  which  leads  to  the  mofl' 
numerous  and  ufeful  refults  in  the  accurate 
knowledge  of  this  natural  force.  It  has  been 
long  known  that  certain  natural  bodies  refufe 
every  kind  of  union,  while  others,  on  the  con- 
trary, attraft  and  combine  with  each  other  with 
the  greateft  force.  Tliough  it  may  have  even 
Wn  £eefi,  that  this  force  has  different  degrees 
of  jpower  with  regard  to  bodies  which  combine 
together  i  it  is  only  fince  the  commencement 
of  the  eighteenth  century,  that  the  relative  af- 
finities or  proportional  adherence  of  bodies  tp 
each  otb^,  has  began  to  be  eilimated  with  fome 
portion  of  exa6lpefs.  As  the  ftudy  of  this 
eighth  law  is  calculated  to  throw  the  greateft 
j^ght  upon  all  the  chemical  phenomena^  it  is 
^ICntti^l  to   eammiae  the  circumil^oices  with 

When 
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When  t\ro  bodies  are  united  by  the  attrac-* 
tion  of  compofition,   if  a  third  body  be  pre-* 
fented,  obfervation  proves-  that  this  laft  is  af-^ 
fe6led  in  four  different  manners.     Either  it  re* 
mains   without    combining    and  produces-  no 
change  of  compofition ;  or  it  unites  to  the  com- 
pound,   and  forms  a  ternary  compound :  or  it  . 
combines     with   one    of    the   two  principled 
of   the  firft  compound,  with  which  it   forms 
a  new  compound,   and  entirely  feparates  the 
other   principle ;    or  laftly,  it  unites   with  8t 
part  only  of  one  of  the  two  principles,  of  the 
compound  of  which    it   then  only  caufes    a 
changis  of  proportion,  and  it  forms  with  that 
part  of  the  principle  which  it  has  feized,  anetr 
compound,   diflerent  from  that  which  it  would 
have  formed  if  it  had  entirely  feparated  it  as  in 
the  third  cafe. 

The  firft  cafe,  fuppofes  the  abfence  of  attrac- 
tion, or  the  moft  feeble  attra6lion  between  the 
new  body  which  is  prefented  to  the  two  firft 
principles  in  combination,  as  well  us  the  combn 
nation  which  rcfults.  The  equilibrium  of  th0 
primitive  compound  fubfifts. 

The  fecond  cafe  indicates  an  attradion  of 
the  third  body,  equal  to  that  of  the  two  firft 
with  their  combination.  The  produ6l  is  a  fur-^ 
compound. 

The  third  cafe,  aiiiftoutices  a  ftronger  attratc- 
tion  between  the  body  added  and  one  of  th< 
two  which  form  the  compound.  The  tff€& 
then  is  a  decompofition  of  the  firft  compounc^ 

the 
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Hie  formation  of  a  ne^  binary  compound, 
and  a  reparation  of  one  of  the  pfinciples  of  the 
formef. 

Laftly,  in  the  fourth  cafe,  where  thefe  is  a 
partial  deccMiipofition,  two  new  binary  com-*^ 
pounds  arife  which  remain  in  equilibrio  of  com- 
poiition. 

17-  Ib  thcfe  two  laft  cafes  it  is,  that,  with 
Bergmann,  we  muft  denominate  the  fofce  which 
operates  the'decompofition,  ele6tive  attraftion, 
becaiife  this  efFe6l  is  the  confequence  of  an 
jittra^ion,  which,  in  a  certain  refpeft,  is  of  the 
nature  of  ^choice  between  one  of  the  two  princi- 
ples of  the  firft  compound,  and  the  third  body 
%hich  is  added. 

18.  In  the  third  cafe  of  eleftive  attraftion  aj3 
vdl  as  in.  the  fourth,  it  commonly  happens 
that  the  body,  feparated  in  the  mldft  of  the 
liquid  ceaiiing  to  remain  diffolved,  is  depofited 
k  the  form  of  powder,  or  very  fmall  polygonal 
£gUres.  In  this  cafe,  a  precipitation  is  faid  to 
take  place.  The  fubftance,  employed  to  pro- 
duce this  effcft,  is  called  the  precipitant,  and 
the  depofition  which  is  afforded,  is  called  *th^ 
precipitate. 

The  precipitate  is  diftinguifhed  into^wre  and 
impure.  The  firft  muft  b?  well  afcertained  to 
be  the  feparated  body  itfelf,  for  example,  a  me- 
tal with  all  its  brilliancy  and  peculiar  fplcn- 
dour ;  the  fecond,  ha3  properties  very  difFer^xjt 
from  thofe  of  the  body  itfelf  which  ought  to 
be  feparated)  and  fliews  that  it  is  in  a  new  ftate 
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of  combination,  fo  that  the  effeft  is  not  then  ia 
fingle  or  fnnple  decompofition,  but  confifts  of 
the  feveral  complicated  effe&s.  True  precipi- 
tates axidfalfe  precipitates  have  alfo  been  dif- 
tinguifhed;  the  firft  formed  by  the  fubflancc 
feparated,  and  the  others  by  the  new  compounds 
which,  in  that  cafe,  are  lefs  foluble  than  the  bo- 
dy feparated.  But,  in  order  to  ihow  theabufe 
of  thefe  deoiominations,  it  is  neceffary  to  re- 
mark, that  when  the  aftion  of  a  iimple  eledive 
attraftion  takes  place,  fuch  as  is  here  fpoken 
ot^  namely,  when  a  compound  of  two  bodies 
diflblved  in  water,  is  decompofed-  by  means  of 
a  diiferent  attraction  by  a  third  body,  alfo 
diirdved  in  water,  one  or  the  other  of  the  fol- 
lowing phenomena  comes  to  pafs. 

Either  the  feparated  matter  being  infoluble 
and  the  new  compound  foluble,  this  laft  remains 
in  the  fluid,  and  the  feparated  body  is  precipi- 
tated ;  pure,  if  it  be  alone,  or  impure^  if  it  carry 
with  it  a  portion  of  the  new  compound,  which 
moft  frequently  happens >;  or  otherwife  the  new 
compound  being  foluble,  and  the  feparated  body 
alfo  foluble,  the  fluid  remains  clear  without 
precipitation,  and  the  decompofition  cannot 
•be  afcertained  but  by  the  fubfequent  examina- 
tion of  thefe  mixed  liquors  ;  or  laflly,  the  new 
compound  thus  formed  being'  infoluble,  and 
the  body  feparated,  being,  on  the  contrary,  folu- 
ble, this  laft  remains  infolution  in  the  fluid,  and 
the  compound  which  feparates  is  that  %vhich  has 
been  called  a  falfe  precipitate.     Whence  we  fee 

that 
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that  there  is  a  radical  vice  of  nomenclature, 
fince  the  fame  fubftance  has  been  called  a  pre- 
cipitate, whether  it  was  the  feparated  matter  or 
the  new  combination.  Accordingly,  therefore, 
we  do  not  now  ufe  the  expreffion  of  precipitate 
which  was  formerly  much  employed,  unlefs  to 
reprefent  the  phenomenon,  and  by  no  means  to 
detennine  the  nature  of  the  fub.ftance  which  is 
formed. 
19.  We  ihall  ftill  more  clearly  perceive  the 
'  UEicertainty,  and  even  inconvenience,  as  well 
.  as  the  falfity  of  this  term  of  precipitate,  when, 
it  is  obferved,  that  the  matter  which  is  feparated 
from  a  binary  compound,  by  a  third  which  de- 
compofes  it,  by  feizing  one  of  its  two  compo- 
nent parts,  inftead  of  being  depofited  or  falling 
down  to  the  bottom  of  the  fluid,  rifes  in  vapour, 
and  becomes  volatilized,  when  it  is  fufceptible 
of  this  effeft,  and  when  there  is  enough  of  heat 
extricated  to  evaporate  it ;  and  alfo  when  we 
ihall  fee  that  this  expreffion  of  precipitate, 
which  is  applied  to  bodies,  and  to  phenomena 
fo  very  different  from  each  other,  cannot  be  ufed 
except  with  regard  to  operations  performed  in 
ilie  humid  way.  It  can  fcarcely  ever  be  applied 
to  experiments  made  in  the  (/ry  rraj/,  becaufe 
the  phenomena,  relative  to  precipitation,  are 
fcarcely  ever  feen  in  this  lafl  method  iu  a  man- 
ner which  can  be  appreciated. 

The  terms  humid  way  are  applied,  in  chemif- 
try,  to  all  the  operations  which  take  place  with 
liquid  bodies,  which  muft  likewife  be  tmnfpa-^ 
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rent  in  order  to  render  the  phenotneti|L  of  pre-^ 
Cipitation  fenfible;  and  the  words,  dry  way, 
are  applied  to  all  the  proceffes  which  are  made 
with  dry  pulverulent  bodies,  not  liquefied  by 
moifture  but  by  the  action  of  heat, 

20.  There  are  a  great  number  af  cafes  of 
fele6iive  attrd6i:ion,  in  which  a  compound  of  twor 
bodies,  which  undei'gtjes  no  alteration  on  the 
part  of  a  third,  or  a  fourth  body,  each  being 
fuppofed  to  be  fmgly  prefented,  is,  nevertheliefd, 
decompofetl  when  this  third  a^id  fourth  body 
are  prefented  botl;  at  once,  or  previoufly  com* 
bined.  This  cafe  is  called  double  eleQ:ive  at- 
traftion,  by  way  of  oppofition  to  the  limpie 
eledive  attractions  previoufly  difcuffed  in  the 
numbers  from  16  to  ip.  Though  this  fpecies 
of  eledive  attraftion  has  been  long  coniklered 
as  very  difficult  to  comprehend  and  explain,  it 
will  be  eaiily  conceived,  if  attention  be  paid  to 
the  union  of  tlie  twx)  forces  which  confpire,  in 
fome  refpe^l,  to  deftroy  the  compound ;  aud 
which  prevail  when  united  to  caufe  the  change 
bv  their  fum  Avhich  exceeds  the  fum  of  the 
attraftions,  by  virtue  of  which  the  fubftances 
forming  the  lirft  compound  adhere.  Let  us 
fu])pofe  by  way  of  elucidation,  a  compound 
AB.  of  which  the  firft  principle  A.  adheres  to 
the  fccond  principle  B.  with  a  force  meafured 
by  the  number  8  ;  add  to  this  binary  compound 
a  third  body  C.  which  has  for  A.  or  for  B.  an 
attraftion  equal  to  6.  It  is  evident,  that  thia 
body  C-  will  produce  no  eifcft  upon  the  com- 
pound 
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pouad  AB.  of  which  the  force  of  compofition 
is  rcprefented  by  8 ;  a  greater  number  than  6. 
In  the  fame  maimer,  let  another  fourth  body  D. 
be  prefented  fmgly,  and  by  itfeif,  to  the  com- 
pound AB.  of  which  the  attrafiion  for  its  prin- 
ciples B,  or  A.  is  equal  to  7.  •  This  new  body 
will  likewife  have  no.  power  in  changing  the 
eompound  AR  But,  fuppofe  the  two  bodies 
C.  and  D.  to  ad;  at  the  fame  time  upon  the 
compound  AR  the  body  C.  then  attracting  tlie 
principle  A.  with  a  force  equal  to  6,  and  the 
D  attra^ing  the  principle  B.  with  a  force  equal 
to  7,  the  funl  ol^Vhefe  two  forces  united  give 
13,  which,  being  much  greater  tlian  8,  will  effetl 
the  decompofition.  This  then  is  the  whole 
myftery  of  double  eleClive  attraction. 

21.  iVe  muft  not  confound  with  the  double 

eleftive  attraftion,  as  has  been  done  by  many  of 

the  moft  fkilful  chemifts,  thofe  numerous  cafes 

in  whicli,  by  placing  in  conta6l  with  a  binary 

compound,  anotlier  binary  compound,  of  which 

one  of  the  principles  alone  would  hav^e  been 

fufficient  to  dcftroy  the   firft   combination ;  a 

double  decompofition  and  recompofition  takes 

place.     For  the  fecond  principle  of  the  fecond 

compound  was  not  neceffary,   in  this  cafe,  to 

deftroy  the  firft  compound.     In  order  to  dif- 

tmguifli  with  accuracy  thefe  cafes,   from  thofe 

of  the  true  double  elejftive  attradlions,  in  which 

the  application  of  two  bodies  is  required  for  the 

decompofition  of  a  compound,  I  name  thcfe 

attradions  which  are  exercifed  under  the  firft 

circum- 
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circiimftances,  fuperfluous  eleftive  attraftions, 
and  tliofe  Avhich  take  place  in  the  fecond,  necef^ 
fury  eleftive   attiaftions,  after  the  manner  of 
Linnceus  in  his  Polygamia  Syngenefia, 

22.  To  explain,  with  ftill  more  perfpicuity, 
the  efFeft  of  the  eleftive  attra6lions,  it  is  ufeful 
to  denote  with  Mr.  Kirwaii  thofe  attraftions  by 
the  name  of  quiefcent,  which  tend  to  leave  the 
compounds  in  equilibrium  and  repofe,  when 
there  is  no  decompofition  in  the  mixtures ;  and 
thofe  "by  the  naane  of  divellent  attraftions, 
which  operate  the  decompofition  of  compounds ; 
becaufe  they  tear  afunder,  as  it  were,  the  prin- 
ciples from  their  firft  union.  Thus  we  may  af- 
firm, that  when  a  decompofition  of  a  compound, 
by  one  or  more  bodies  which  are  added,  takes 
place,  whether  in  the  cafe  of  fimple  elective  at- 
traction or  double  elective  attraction,  the  divel- 
lent attraction  in  the  firft  cafe,  or  the  fum  of 
the  divellent  attractions  in  the  fecond,  are  great- 
er than  the  fum  of  the  quiefcent  attractions. 

23.  It  would  be  of  great  utility  if  we  could 
accurately  determine  the  force  of  the  deCtive 
attractions  which  exifts  between  all  natural  bo- 
dies. By  attempting  to  do  this  by  numbers,  as 
I  have  done  fifteen  years  ago,  I  have  given 
only  a  method  of  approximation  which  may  be 
admitted  to  be  arbitrary  as  long  as  we  have  no 
accurate  foundations  on  which  we  can  eftablifli, 
oruccgrding  to  which  y/t  can  calculate,  the  pre- 
cife  value  of  thefe  forces.  We  are  ftill  far  from 
Jiaving  grounds  to  hope  for  fuch  a  bafis  ^  we 

do 
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<lo  not  yet  fee  even  conjefturally  the  methods 
which  ihould  be  followed  for  their  difcovcry. 
^fVe  are,  therefore,  content  to  exprefs,  by  their 
nearer  or  more   remote  pofition,  thofe  bodies 
of  which  we  are  defirous  of  exhibiting  tlie  eiec- 
tive  attractions,  by  placing  the  bodies  in  the  or- 
der of  the  refpeclive  force  of  attraction.     It  is 
the/imple  reprefentation  of  the  refpedive  ranks, 
and  not  tjie  precife  degree,  or  real  and  propor- 
tional value  of  attra6lion,  which  is  delignated 
ia  the  tables,  of  affinity  or  chemical  attrac- 
tions. ; 

24.  It  is  highly  ufeful  for  the  ftudy  of  the 
fcience,  and  to  direcl  the  fubfequent  refearches 
ofchemifts,  not  only  to  exhibit,  in  this  manner 
in  tables,  the  rank  which  bodies  hold  in  their 
jjelative  attradlions,  and  to  increafe  the  number 
of  their  columns  as  chemifts  daily  do^ — ^butit  is 
equally  advantageous  to  reprefent  by  this  kind 
of  formulary,  after  the  example  of  Bergmann, 
the  tffe€ts  of  double  or  fmiple  ele6li ve  attractions, 
in  order  to  know  at  one  glance  of  the  eye,  all 
that  happens  in  the  mixtures  and  contacts  of 
the  d  ifferent  compounds  with  matters  not  %e- 
eompofed  or  with  other  compounds.     We  may 
even  by  tlie  mere  relative  difpofition  of  com- 
pounds and  their  principles,  exhibit  to  the  eye 
the  fenfible  effects  of  folution,  precipitation,  dc- 
compofition,  recompofition,  volatilization,  &c. 
-which  take  place  during  the  fimultaneous  action 
qf  all  fnnple   or  compound   bodies  which    are 
pl^iccd  in  contact.  ^  . 

25.  Ninth 
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25.  Ninth  law.     The  dttraEiion  of  CoHipoJt^ 
Hon  follows  the  inverted  ratio  of  the  faturdtion 
of  bodies  by  each  other.     In  order  to  give  a 
clear  conception  of  this  law  or  content  phend- 
thenon,  which  i6  more   abftraded,   arid  tftorfi 
difficult  to  he  comprehended  than  the  |>recedihg 
laws,  we  muft  firft  obferre  that  bodifes,  when 
they  combine  together  by  the  attraftiofe  6f  eotn-* 
pofition,  do  not  unite  but  in  propdrtions  eftd,* 
blifhed  by  nature ;  that  when  they  haVe  arrived 
at  this  relative  proportion  of  compoul^ds>  they  al*. 
incapable  of  combining  with  any  greater  quatt-* 
tity  of  each  of  their  component  parts ;  and^hi* 
|)oint  fo  attained  is  denominated  faturation.   It 
muft  be  dbferved,  in  the  fecond  place,  that  moft 
bodies  capable  of  combining,  and  which  con* 
fequently  tend  to  unite  in  a  given  proportion> 
do  not  arrive  at  a  complete  faturation,  but  un- 
der a  favorable  conjunftion  of  circumftances ; 
that  when  thefe  circumftances  do  riot  exift,  the 
union  between  them,  though  not  fatisfied,  be-* 
caufe  faturation  has  not  yet  taken  place,   re- 
mains neverthelefs  in  equilibrium,  or  in  a  ftate 
of  repofe,  till  the  coincidence  of  fuch  circum- 
ftances; and  that  cpnfequently  we  ought  to  dif- 
tinguilli  the  combinations  of  the  fame  bodies 
in  different  quantities,  and,  as  it  were,  different 
terms   from    the  minimum  to  the  maximuHi, 
Now  it  is  at  thefe  various  terms,  which  ^ay 
be  more  or  lefs  multiplied  ,  that  the  conftant 
phenomenon  here  noticed,  or  the  exiftence  of 
the  law  concerning  which  I  treat  at  prefent,  is 

pbferved. 
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obi^rved,  namely,   that  the  firft  pottion  of  a 

body,  iirhich  unites  to  another  body,  adheres 

iii6re  ftrotigly  than  the  fecond,  that  the  fecond 

adher€^  more  ftfongly  than  the  third,  and,  laft- 

!y,   that  the*  attfa6iion  i^  fo  much  the  more 

feeble  ai  it  jlpproached  the  more  towards  fatura- 

ti6n*     This  fad  agrees  with  another  obferva- 

tioft  equally  important,  namely,  that,  in  gene- 

Td>  the  more  ftrong  the  attradion  of  any  body, 

fo*  a^c^thei-  body,  the  left  is  the  quantity  it  will 

require  for  its  faturation ;  whence  it  alfo  hap- 

pea*,  that,  by  decompofing  a  faturated  com- 

{xMmd,  the  lad  portion  is  expelled  more  eafily 

than  the  lirft,  which  it  retains  more  ftrongly. 

S6.  The  tenth  law.  Decompojition  may  takt 
fiace  between  two  compounds^  which  do  nof  mu^ 
twatiy -decompo/e  iaeh  other  by  double  eleQwt 
mraBioHy — ijf^the  attrdSion  of  two  of  tkeprin* 
tiplesfar  ^  thitd^  be  Jir^nger  than  that  which 
mites  this  third  to  one  of  the  two  firft ^  though^ 
at  th4  i^ry  Tk&menty  the  >aQ  of  union  between 
tkojfh  twofr^  principles  does  not  yet  ea:iji.  We 
may  fuppofe,  at  firft  fight,  that  this  law  is,  in 
eS€6l,  a  cafe  of  neceffary  double  eleftive  attrac- 
tion, bmt  We  ihall,  <m  examination,  find  that  it 
W  a  v«ry  diffei^ent  effed  from  what  is  reprefent- 
ed  and  explained  in  thofe  inftances.  In  tlie 
jirefent  <jafe,  we  confider  an  attra6i:ion  which 
CKtfts  between  a  binaiy^  compound  not  yet 
foftned,  and  another  body  which  is  united  to 
a  fourth.  So  that  this  attraftion,  which  I  cali 
fr^'dijpojing^  is  the  only  caufe  wliich  opeiateB 

the 
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the  formation  of  this  compound,  and  the  de- 
compofition  of  another  compound,  M^hich  >TOuld 
not  have  taken  place  without  the  formation  of 
the  firft.  It  is,  indeed,  a  different  thing,  and 
fomething  more  in  eifeO;  than  the  cafe  of  double 
ele<5live  attraction.  In  order  to  fonn  a  proper 
notion  of  this  difpofmg  attraction,  let  us  fup- 
pofe  a  compound  N.  O.  and  another  compound 
P.  Q.  of  which  the  four  component  parts  N  and 
P ; — ^O  and  Q.  have  not  for  each  other  an  attrac-« 
tion  which  exceeds  in  its  force  that  which  hold;* 
them  united  in  N.  O.  and  P.  Q.  It  is  evident 
that  there  cannot,  in  this  cafe,  be  any  decom- 
pofition  by  the  neceflary  double  eledive  attrac- 
tions, becaufe  the  quiefqent  attra6lions  are 
ftronger  than  the  divellent.  Neverthelefs,  if 
the  force  which  tends  to  unite  O.  and  P.  toge- 
ther, added  to  that  which  tends  to  unite  the 
compound  O.  P.  and  Q.  be  more  confiderable 
than  that  which  at  the  firft  moment  keeps  N.O^^ 
and  P.  Q.  in  union,  there  will  be  a  deeompofi-: 
tion  by  the  formation  of  a  ternary  compound 
O.  P.  Q.  and  a  feparation  pf  the  firft  compo- 
nent part  N,  And  this  will  not  be  a  true  dou* 
ble  elective  attra6tion,^  becaufe  there  is  not  a 
mutual  and  inverfe  union  of  the  two  compor 
ponent  parts  of  each  compound,  in  fuch  a  manf 
ner  as  to  fonn  two  new  binary  compounds ;  and 
becaufe  the  product  of  this  double-difpofmg 
elective  attra6iion  is  on  the  one  part,  the  for- 
mation of  a  ternary  compound,  and  on  the 
30ther  the  difengagemerit  of  onQ.of ,  the  compo^^ 
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Bent  parts,  which  is  not  the  chaxa6ter  of  a  dou- 
ble eleftive  attraction. 

27.  All  the  cafes  of  attraction  which  have 
been  detailed   in  the  development  of  the  ten 
laws  here  exhibited,    take   place,   in  genera!, 
between  two,  three,  or  four  bodies ;  and  the  ef- 
fefts  may  be  very  well  calculated  by  the  rules 
vhich  have  here  been  laid  down.     But  thefe 
effects  are  much  more  complicated,  if  more  than 
four  bodies  be  placed  in  contaCt,  or  if  they  ex- 
ercife  mutual  attractions  ftill  more  numerous. 
For  example,  when  feveral  ternary  or  quater- 
nary compounds,^  or  compounds  ftill  more  com- 
plicated, re-aCt  upon  each  other,  the  aCtion  of 
a  great  number  of  different  principles  taking 
place,  each  on  the  other  refpeCtively,  one  upon 
one,  two  upon  two,  or  three  upon  three,  the 
calculation  of  the  eifeCts  which  muft  happen, 
containing  a  much  greater  number  of  elements, 
muft  alfo  afford"  refults  on  the  whole  more  diffe- 
rent and  more  numerous.     This  is  what  happens 
in  feveral  cafes,,  which  the  fcience  of  chemiftry 
cannot  yet,   without  difficulty,    explain,    and 
which  depend  on  the  complicated  elective  at- 
tractions ;  this  is  more  particularly  obfervable 
jn  the  multiplied  chemical  attractions  which  ye- 
getabje  or  animal  matters    exert  upon  each 
pther,  during  the  procefs  of  life  in  vegetables, 
and  apimals, 

^  28.  It  is  only  by  the  obfervation  of  the  phe- 
nomena, and  cpnfequently  by  a  f*eries  of  expe- 
rimex^ts  that  we  can  give  an  account  of  the 

effects 
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CiFeds  of  the  attraftion  of  compofition.     As  we 
are  abfolutely  unacquainted  with  the  fenfible 
and  menfurable  properties  of  the  conftituent 
particles  between  which  this- force  is  exerted ;— - 
as  we  poffefs  no  means  of  eftimating  their  vo- 
lume, their  form,  their  furfaces,   their  relative 
weight,  their  dift^nce,  or  to  compare  them  to- 
gether in  the  different  fimple  or  undecompofed 
bodies,  of  which  they  conftitute  the  texture,  aar 
well  as  their  various  nature,  we  cannot  deter- 
mine previoufly,  or  before  the  .obfervation  pf 
their  mutual  effe6ls,  the  mode  of  aftion  which 
they  may  exercife  with  refpe6l  to  each  other, 
or  the  kind  of  attraftion  which  may  exift  be- 
tween them.     It  is-impoffible  to  fubmit  to  the " 
precifion  and  accuracy   of  computation,  that 
which  muft  refult  from  their  various  and  mul- 
tiplied unions.     We  are  not  yet  informed  whe- 
ther there  be  not  a  repulfion  between  fome  of 
thofe  principles ;  and  though  feveral  philofo- 
phers  have  been  obliged  to  admit  this  oppofite 
force,  by  making  ufe  of  it  in  a  certain  refpeft  as 
a  counterpoife  to  attradion,  in  order  to  explain 
various  natural  phenomena,  and  among  others, 
thofe  of  eleftricity  and  magnetifm,  it  has  not  yet 
been  thought  neceflary  to  apply  it  as  a  prin. 
ciplc  in  chemiftry,  in  which  philofophers  have 
been  contented  to  obferve  and  defcribe  the  re- 
fults  with  accuracy.     This  operation  of  nature 
which  prefides  over  chemical  attra6tions,  is  in 
its  eflfefts,  concealed  under  the  impenetrable 

veil 
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veil  of  the  minutenefs  of  the  particles  between 
which  it  is  exercifed. 

39.  Hence  we  may  deduce,  that  all  the  theo- 
ries which  have  been  offered  to  explain  the 
elective  attraSions,  and  the  caufc  of  combina- 
tion, are  hypothefes  of  more  or  lefs  ingenuity. 
And  it  is  not  peimitted  us  to  give  any  pre- 
ference to  one  of  thefe  beyond  the  others,  until 
Ibme  happy  difcbvery,  no  doubt  very  remote 
from  thofe  of  which  we  are  now  In  poffeffion, 
ihll  lead  chemifts  to  a  greater  advance  than 
they  have  been  able  to  make  in  the  courfe  of 
truth.  Whether  this  force  be,  owing  to  the 
form  of  the  conftituent  particles,  to  their  dif- 
taace,  or  merely  to  their  refpeftive  weight ; — 
niiether  it  be  the  fame  as  the  general  attradion, 
modified  limply  by  the  form  of  the  particles  be-s 
t^en  which  it  takes  place,  or  whether  we  ought 
tp  admit  it  as  a  power  abfolutely  dilFerent,  and  to 
maintain  that  it  differs  from  j>;eneral  attraction 
by  the  laws  to  which  it  is  fubje6ted, — -Thefe 
objects  of  inveftigation,  as  well  as  all  thole  we 
might  propofe  in  the  a6lual  ftate  of  the  fcience, 
have  no  other  foundation  than  in  the  imagina- 
tion; they  are  merely  hypothetical.  Though  it 
does  not  become  us  abfolutely  to  reject  any  of 
thefe  induftions  which  may  be  prefented  upon 
a  fubje6l  fq  difficult,  in  a  path  where  it  is  fo 
cafy  for  the  mind  to  be  mifled,  it  is,  ne verthe- 
Iffs,  much  more  wife  and  ufeful  to  continue  to 
V^terrogate  nature  without  ceafmg,  to  multiply 
^^periments  and  inquiries,   as  is  the  praftice 

of 
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of  chemifts,  and  to  wait  for  the  anfwers  of  thW 
power,  refpefting  the  folution  of  a  number  of 
problems,  which  the  ftudy  of  fimple  and  dou- 
ble, predifpofing,  and  more  efpecially  the  com- 
plex or  complicated  eleftive  attraftions'  prefent 
to  our  view. 

30.  From  this  method  of  proceeding,   from 
experiment  alone  it  is  that  we  have  already  re- 
ceived fo  much  of  elucidation,  refpefting  the 
pretended  anomalies  in  the  attraftions.     By  the 
name  of  anomalies,  we  defignate  effefts  which 
are  varied  and  apparently  contradidory  to  the 
'  laws  which  prefent  themfelves  in  the  fame  bor 
dies  in  their  union  and  difengagement.     It  has 
been    fhown  by  multiplied  experiments,   that 
thefe  anomalies  are  only  apparent,  and  depend 
upon  the  various  circumfiances  which  accom- 
pany the  operation  of  chemical  attractions,  and 
of  which  proper  notice  had  not  been  taken  at 
the  time  when  thefe  pretended  variations  in  the 
relative  attractions  had  been  admitted.     Ob- 
fervation,  ever  faithful  to  thofe  who  employ  it, 
has  never  failed  to  reduce  again  into  the  clafs 
of  errors,  numerous  diftinflions  of  the  affinities 
which  were  deduced  only  from  thefe  delufivc 
variations.     It  teaches  us  at  prefent  that  we  do 
not  admit  of  anomalies,  unlefs  for  want  of  hav- 
ing adually  obferved  all  that  takes  place  in  the 
attractions ;  and  that  when  thefe  anomalies  are 
admitted  to  exift  in  fome  operations  of  chemif^ 
try,  the  caufe  of  fuch  g.  conclufion  is,  that  wc 

have  not  yet  exactly  determined  all  the  cir- 

cumftances 
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cumftances  of  our  operations.     It  fliows  that 
the  liquid  or  folid  ftate  of  the  bodies,  the  prepa- 
rations made  ufe  of^  the   relative  quantity  of 
water  in  which  they  are  fufpended  or  diffolved, 
the  quantity  of  caloric  which  feparates  them,  or 
the  mafs  of  heat  to  which  they  are  expofed,  the 
degree  of  cooling  to  which  they  are  fubjefted, 
the  fantaftic  or  imaginary  properties  which  have 
fo  often  been  feigned  in  the  ftudy  of  nature, — 
and,  in  addition  to  all  this,  the  levity,  the  ra- 
pidity, and  carelefsnefs  with  which  experiments 
iave  been  made ;  the  too  fpeedy  conclufions 
which  have  been  deduced,   the  circumftances 
which  have  not  been  properly  noticed,  are  the 
.true  fources  of  thofe  anomalies  which  l>ave  been 
affirmed  to  exift,  and  that  thefe  anomalies  dif- 
appear  when  the  fa6ls  are  confidered  in  every 
point  of  view ;  the  number  of  fuch  irregulari- 
ties being  always  diminiihed  in  proportion  as 
we  advance  in  the  accurate  knowledge  of  the 
phenomena  of  nature. 


Article  IX. 

'i 

Concerning  the  Chemical  Phenomena  of  Natitre  and  the 

Arts. 

1,  AS  all  the  details  of  the  preceding  article 
have  proved  that  the  force  of  attraftion,  by 
which  compounds  are  formed,  is  placed  by  na- 
ture in  every  individual  body  with  a  certain 

determinate 
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determinate  degree  of  power,  it  is  evident,  that 
the  phenomena,  produced  by  this  force  muft 
take  place  in  all  the  fcencs  which  pafs  in  the 
world,  and  of  which  the  totality  conftitutes  the 
harmony  of  the  iiniverfe. 

2.  As  thefe  phenomena  are  of  two  claffes, 
with  relation  to  the  mafs  of  bodies  in  which 
they  originate  or  between  which  they  are  exer- 
cifed ;  namely,  between  large  bodies,  conftitut- 
ing  the  forces  which  govern  the  motions  an 


the  relative  diftances  of  the  planetary  bodieSge^^B 
or  elfe  between  the  particles  of  eacch  body  fm^^  .^ 
gly  confidered  ;-^and  as,  on  the  other  hand,  th<3^^ 
attradlion  of  compofition  never  a6ls  but  upocK'-*! 
the  latter,  it  is  manifeft  that  the  effe^  whieter  rj 
take  place  among  the  particles  themfelves 
alone  entitled  to  be  confidered  as  chemfcal  ] 
nomena.  But  it  is  not  the  lefs  neceffary  on  thi 
account  that  the  chemift  ihould  ftudy  the 
fults,  and  thence  explain  the  mechanrfm 
theory  of  this  force. 

3.  The  number  of  natural  effe6ts  which  aj 
pertain  to  the  attraftion  of  compofition,   an 
are  alone  to  be  explained  by  philofophical  ch( 
miftry,  muft  be  immenfe  aiid  unlimited.     Nj 
ture,    indeed,    holds   in  her  difpolition  evei 
poffible  compound  matter  in  all  its  ftates,  ai 
her  operations  are  not  bounded  like  thofe 
man,  in  the  narrow  limits  either  of  fpace 
time.     Thefe  elements  of  her  power  »nd  -h 

forces  are  combined  in  thoufands  of  forras^  ar*^ 

tlnr 
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the  refults  coufift  in  a  numberlefs  fucceffion  of 
eflfeds- 
4-  Wc  ^a,y,  neverthelefs,  in  order  to  acquire 
^  SL  general  idea,  limit  thefe  elFefts  to  a  certain 
number  of  clafles,  or  confine  them  to  a  certaio 
niunber  of  leading  operations  which,  without 
entering  into  details,  will  embrace  the  gener 
rality  and  circumfcribe  the  whole.  I  have  air 
ready  attempted  to  do  this  in  my  ^*  Philofophy 
of  Chemiftry,"  by  including,  in  a  methodical 
outline,  every  thing  that  appertains  to  the  ge- 
neral theories  of  chemiftry  as  a  natural  fci- 
ence. 

5.  By  following  a  courfe,  if  not  the  lame,  at 
Jeaft  fimilar  to  what  is  there  defcribed,  I  iliall 
obferve,  that  we  may  include  under  four  gene- 
tal  titles  all  the  natural  phenomena  of  chemiftry 
which  take  place  on  the  terreftrial  globe. 

6.  The  firft  title  comprehends  thofe  which 
are  prefented  in  the  atmofphere  under  the  form 
of  meteors,  and  which  belong  to  that  branch  of 
fcience  which  I  have  defignated  by  the  name  of 
meteoric*  They  relate  to  the  hygrometrical, 
thermometrical,  and  barometrical  ftates  of  the 
iur,  to  rain,  dew,  mifts,  fnow,  hail,  lightning,' 
thunder,  and  in  general  all  the  meteors: 

7.  Under  the  fecond  title  I  place  thofe  che- 
mical phenomena  which  take  place  between 
foffils.  They  are  the  fubjeft  of  mineral  che- 
piiftry,  and  include  the  entire  formation  and 
flow  decompofition  of  earths,  ftones,  ores,  bi- 
tumens, mineral  waters,  the  fpontaneous  altera- 

Vol,  L  I  tion 
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tioh  of  metallic  ores,  of  earthy  and  ftony  depo- 
fitions,  the  tranfpofitions  of  foffil  matters,  folu- 
tions,  cryftallizations,  ftalaftites,  fabterraneous 
ftrata,  the  forming  and  fucceffive  change  of 
mountains,  vallies,  plains,  faline  and  metallic 
tfflorefcences,  volcanic  inflammations,  and  pro- 
du6l;s,  and  all  that  belongs  to  mineralogy  and 
geology,  confidered  with  regard  to  the  chemical 
compofition  of  foflils. 

8.  To  the  third  title  of  natural  chemical  phe- 
nomena, belongs  every  thing  that  relates  to  the 
life  and  death  of  vegetables.     Vegetable  che* 
miftry  is  its  fubjeft.      Thefe  phenomena  in* 
elude  the  germination,  the  influence  of  various 
earths,  the  foliation,  the  formation  of  wood,  the 
fall  of  the  leaf,  the  fading  of  flowers,  fectinda* 
Hon,  the  maturation  of  fruits  and  feeds,   the 
nutrition  of  plants,  afcent  of  the  fap ;  influence 
of  the  air,  of  water,   of  heat, "  of  folar  light, 
of  fliade,  and    the  various  atmofpheres  upon 
vegetation,  the  nature  of  the  gafes  which  ve- 
getables exhale,  the  compofition  of  their  com* 
mon  and  proper  juices,  and  their  different  ma- 
terials ;  the  natural  alteration  of  thefe  juices, 
their  changes   and   fucceflive   tranfitions,  the 
defl;ru6i;ion   of  lifelefs  vegetables   in  water,  in 
air,  in  the  earth,  the  formation  of  bitumens,  and, 
in  general,    every  thing  which  can  enlighten 
tlie  philofophy  of  vegetables. 

9.  Laftly,  under  the  fourth  title,   I  include 
thofe  natural  chemical  phenomena  which  take 
place  in  animal  matters  during  and  after  thfe  ter- 
mination 
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tnination  of  the  life  of  animals,  and  which  are 
ftill  more  multiplied  than  thofe  of  the  preceding 
title.  They  form  the  matter,  or  they  are  the 
refult  of  animal  chemiftry. — Such  are  the 
changes  of  vegetable  and  animal  fubftances  by 
tiieir  digeftion  and  nutrition,  the  elFefts  of  re- 
fpiration,  the  nature  of  the  confecutive  altera- 
tions of  -the  fluids,  their  converfion  into  folids, 
the  qualities  of  irritation,  motion,  and  perhaps 
even  of  fenfation  in  thefe  laft ;  the  formation 
of  mufcles,  bones,  and  membranes,  the  functions 
<^the  liver,  the  kidnies,  &c.  the  fecretions  cOn- 
fidered  as  to  their  quantity  and  quaUties ;  every 
fccreted  fluid,  and  every  folid  when  in  a  dif- 
eafed  ftate,  or  changed  by  morbific  affcdions  ; 
the  effects  of  remedies  and  of  poifons  on  the 
fuids  anfd  organs  of  animals,  the  means  of  op- 
^oBtfg  thefe  effc6i;s,  and  deftroyiug  or  corre6ling 
ihem,  the  progrefs  of  flow  deftru^ion  in  life- 
lefe  animal  matter  or  putrefaftion ;  and  the 
eomparifon  of  mofl:  of  the  preceding  phenome- 
na, with  thofe  which  take  place  in  vegetable 
^ftaiices. 

10.  All  the  important  confiderations  compre- 
hended under  the  four  preceding  titles,  are  in- 
dicated in  the  different  fections  of  this  work,  to 
which  each  of  them  are  referrible.  I  have,  in 
this  place,  only  taken  a  flight  general  view  of 
their  exiftence,  as  effeds  of  chemical  phenome- 
na produced  by  nature,  and  of  which  the  fl:udy 
ought  to  accompany  chemical  experiments.  I 
have  prefented  them  only  as  a  flcetch  of  that 
.      —  -.  I  Si  chemical 
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chemical  plan  which  nature  herfelf  feelns 
to  have  traced  out,  and  as  the  knowledge 
which  the  chemift  ought  to  endeavour  to  ae- 
quire- 

11.  As  the  arts  are  moft  commonly  iraita* 
tions  of  the  operations  of  nature,  or  means  of 
obtaining  at  pleafure,  and  in  a  conftant  manner 
as  well  as  in  the  fliorteft  poffible  time,  fuch  pror- 
du6ls  as  are  appropriated  to  our  various  wants, 
by  modifying,  in  a  manner  conformable  to  our 
ufes,  the  feveral  objefts  which  the  globe  pre- 
fents  to  obfervation  on  its  furface  and  in  its  in- 
terior y  it  will  be  fufficient  that  we  fhould  con:- 
fider  their  totality,  in.  order  to  form  a  right 
conception  of  them,  in  two  great  claffes.  Some 
of  thofe  arts,  in  fact,  change  only  their  form 
and  the  exterior  or  perceptible  properties  of 
bodies ;  thefe  are  the  mechanical  or  geometri- 
cal arts ;  the  others  modify  their  intimate  com- 
pofition,  and  caufe  them  to  undergo  changes 
or  alterations  which  are  the  fubjed  of  chemical 
fcience. 

12.  The  chemical  arts  being  nothing  elfe 
but  alterations  or  changes  produced  in  bodies 
by  the  attraction  of  compofition,  it  follows  that 
we  may  confider  them  as  true  chemical  pro- 
ceffes  executed  in  the  large  way,  fo  as  to  obtain 
conftant  produfts  with  the  leaft  expence  and 
confumption  of  time  poffible. — Chemiftry, 
therefore,  comprehends  the  whole  of  thofe  arts 
in  its  manipulations,  and  pofleffes  the  oiilce  of 
enlightening,  corredling,  improving,  or  ex- 
tending 
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tending  them,  and  even  of  creating  new  arts  in 
proportion  as  its  own  progrefs  Ihall  become 
more  advanced.  We  may  affirm,  that  there  is 
not  any  iingle  operation  among  its  proceffes; 
nor  a  fingle  difcovery  of  this  fcience,  which  may" 
not  be  confidered  as  the  fource  of  a  new  art, 
or  of  new  advances  to  be  made  in  fome  art  al- 
ready eftabliflied. 


Arti<:le  X. 

Concerning  the  principal  Operations  of  Chemifiry  in 

general. 

1.  THE  chemift  cannot  obtain  the  refults 
of  which  he  is  in  fearch, — he  cannot  acquire  a 
knowledge  of  the  nature,  the  conlpofition,  and 
the  re-a6lion  of  bodies  upon  each  other,  without 
bringing  them  in  contaft,  difpofing  them  to 
unite,  or,  in  a  word,  by  placing  them  in  th-e 
moft  favourable  fituation  for  the  energy  of  the 
attra6lion  of  compofition,  by  means  of  which 
they  mutually  aft  upon  each  other.  All  thofe 
methods  which  are  of  the  nature  of  analyfis  of 
fynthefis,  demand  certain  manipulations,  certain 
proceffes  which  are  called  chemical  operations,^ 
which  we  do  not  here  propofe  to  defcribe, 
lAit  meifely  to  compare,  in  order  to  render  the* 
life  and  application  of  them  more  cafily  under- 
fiood  in  the  feveral  parts  of  this  work,  where 
mention  ihall  be  made  of  them,  without  its 

beipg 
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being  neceflary  to  defcribe  minutely  tbe  ma- 
nual part,  which  is  foreign  to  this  treatife. 

2.  Befides  the  preliminary  operations  which 
were  formerly  denominated  ancillary,  or  pre- 
paratory, and  which  confift  in  dividing,  fepa* 
•rating,  and  purifying  thefe  bodies  which  are 
propofed  to  be  afterwards  treated  by  the  chemi- 
cal methods,  fuch  as  pulverization,  levigation, 
filtration,  purification, — the  chemical  art  com- 
prehends a  great  number  of  other  manipulations 
which  have  particular  objedls  and  denomina- 
tions. We  fliall  proceed  to  define  them  in  fuc- 
ceflion,  and  give  a  general  notion  which  will  be 
fuflRcient  to  explain  their  ufe  and  application. 

3.  Fujion  is  that  procefs  by  which  we  foften, 
or  melt,  or  render  fluid  by  means  of  fire,  thofe 
folid  bodies  which  are  capable  of  being  fo 
treated;  fuch  as  the  metals,  fuiphur,  phofpho- 
r us,  fats,  wax,  many  faline  matters,  &xr.  *We 
life  the  term,  to  fufe  bodies,  or  to  bring  them 
into  a  ftate  of  fufion. 

4.  Eliquatiojij  or  liquation,  though  a  real 
fufion  denotes  an  operation  upon  compounds 
more  efpecially  metallic  alloys,  of  which  one 
or  more  of  the  component  parts  becoming  fluid, 
or  fottened  by  heat,  are  feparatedin  this  manner 
from  the  others.  It  is  a  metallurgic  opera- 
tion. 

5.  Volatilization  is  the  name  of  that  prpcefs 
b>  w^hich  certain  fubftances,  capable  of  a  ftate 
of  vapour,  axe  made  ta  &y  off  or  become  Tola-? 

tilized 
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ttiized  by  th^  aQ;ion  pf  fire  a$  the  term  de-» 
notes* 

6.  Sublimation  confifts  in  the  particular  vola-^ 
tllizatibn,  Or  elevation  in  vapour,  and  condenfa- 
tioii  in  the  upper  part  of  the  apparatus,  of  fub-- 
ftauces  in  the  dry  and  folid  ftate. 
^  7-  Evaporation  is  pra6lifed  when  a  liquid  or 
fluid  is  reduced  to  vapour  in  the  open  air,  in 
order  to  bring  the  fixed  matters  which  were  dif* 
folved  therein  into  a  denfer  flate,  and  to  obtain 
them  dry  and  feparatc  from  the  fluid, 

8.  Precipitation  is  the  feparation,  in  a  dry  and 
pulverulent  form,  of  any  fubftance  whatever, 
diflblved  in  a  fluid,  from  which  it  is  caufed  to 
fall  in  a  ftate  more  or  lefs  infoluble  by  a  che*^ 
mical  decompofition,  as  has  been  obferved  undef 
the^  article  attraction  of  compofition. 

Q.  Crjiftallization  comprehends  the  art  of 
caufing  bodies. after  fufion  or  folution,  to  aflume 
a  regular  polyhedric  and  cry ftalline  form,  which 
charaS;erizes  them,  by  depriving  them  of  the 
fubftance  which  before  held  them  in  a  fluid 
^te.  By  the  word  cryftallization,  we  fre- 
iquently  denote  the  form  itfelf  of  the  cryftals. 
.  10.  Stratification  is  the  pra6lice  by  which 
bodies  are  exprffed  to  their  mutual  a6lion  by 
arranging  them;  in  veflels  layer  by  layer,  ftrata 
fuper  ftmta,  as  it  is  ufed  in  the  metallurgic 
irt. 

11.  Cementation  is  a  kind  of  ftratification, 
the  obje6t;  of  which  is  to  caufe  a  portion  of  the 
cement,  which  is  a  powder  enveloping  all  the 

parts 
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parts  of  the  body  propofed  to  be  cemented,  io 
re-a6i:  upon  this  body.  It  is  fcarcely  ufed  ex^ 
cepting  in  fome  metallic  proceffes. 

12.  Diffolution,  or  more  frequently  folution, 
takes  place  whenever  a  folid  becomes  fufed  in  a 
liquid,  and  partakes  of  its  liquidity.  Some  che^ 
mifts  have  been  defirous  of  dillinguiihing  dif- 
foliition  from  folution,  but  thefe  two  words  fig* 
nify  at  prefent  the  fame  thing,  and  are  only  ap- 
plicable to  the  fimple  liquefadion  of  a  folid  in  a 
fluid,  without  any  real  change  in  either  of  thofe 
t>odies.  When  this  change  happens,  though  the 
word  folution  is  in  this' cafe  often  employed,  the 
defcription  or  indication  of  the  accompanying 
phenomenon  is  ufually  made ;  an  effervefcencc 
is  commonly  mentioned. 

IS.  Effervefcence  is  that  phenomenon,  rather 
than  the  operation,  by  which  elaftic  fluids  are 
difengaged  from  the  interior  of  a  liquid  ;  the 
bubbles  of  which  pafling  through  the  liquid, 
agitate  them,  caufing  it  to  rife  up,  and  cover 
it  with  a  froth  or  fcum. 

14.  Concentration  confifts  in  condenfing^by 
the  evaporating  a6lion  of  fire,  faline  or  other 
fluids,  in  order  to  render  their  folution  more 
denfe,  and,  in  a  word,  more  a6i;ive. 

15.  Graduation  is  a  procefs,  the  obje6);  of 
which  is  to  bring  by  evaporation  or  concentra- 
tion, fluids  to  a  degree  of  confiftence  or  denfity 
neceflary  to  feparate  more  eafily  and'  fpeedily 
the  fubftances  they  hold  in  folution.  It  is  more 
particularly  ufed  with  fait  waters... 

^6.  Infu/ion 


16.  tnfujion  is  praftifed  by  fuffering  any 
fubjeft,  particularly  vegetable  matter,  to  re- 
inain  for  a  tinie  in  hot  water  poured  upon  it. 
Any  other  hot  liquid  may  be  applied  in  the 
fame  manner.  In  this  manner  the  beverage 
called  tea  is:  made.  It  is  improperly  that  thq 
fluid  itfelf,  thus  produced,  is  called  an  infulioBu 
We  ought  to  denote  it  by  a  term  (infuff} 
derive-d  from  the  Latin  infufum. 

17.  Maceration  is  that  procefs  which  taka 
|>lace  by  fuffering  bodies  to  remain  a  certain 
time  in  a  liquids 

18.  Digejtion  is  a'maceration  in  clofed  veC- 
iels,,  effefted  by  expofm^he  liquid,  intended  to 
aft  upon  thefolids,  to  a  gentle  heat,  continued 
for  fome  time.  This  name  has  been  given  to  it 
becaufe  it  has  been  compared  to  the  digeftiou 
of  food,  which  was  thought  to  be  effefted  by  a 
fimilar  procefs  in  the  ftomach. 

19.  JDecoBion  takes  place  when  a  liquid  is 
]>oiled  with  a  fubftance  upon  which  it  is  in- 
tended to  a6L  This  word  is  alfo  ufed  to  denote 
the  prepared  fluid,  whereas  we  ought  to  ufc 
another  term,  derived  from  the  Latin  decoc- 
tum. 

SO,  EstraSion  is  the  operation  by  which 
one  fubftance  in  general  is  extrafted  from  ano* 
ther. 

21.  The  word  infolation  has  been  fotnetimes 
ufed  to  denote  that  expofure  to  the  fun  which 
}$  made  with  the  intentioa  of  favouring,  by 

the 
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tibe  contaft  of  its  rays,  fome  action  bett^ccn 
bodies. 

22.  DyiiMaiion  is  gm  opers|,tion  by  which 
compound  fubftances  are  fubniitted  to  heat,  in 
clofed  veffels,  in  order  to  colled;  and  condenfc 
|he  volatile  parts.     The  bodies  thus  become 

>  fqparated  into  volatile  principles  and  fi^^ed 
principles.  Its  objed  is^  alfo  to  decompofe 
complex  combinations,  to  change  th^ir  j^ature 
by  converting  them  into  feveral  other  lefs  jcom- 
pounds.  Ill  the  firft  cafe,  its  effed  confifis  in 
the  true  analyfis,  and,  in  the  fecond,  in  the 
falie^nalyii^. 

.  S3.  Cohobation  is  a  kind  c^  diftillation,  in 
which  the  liquid  product  is  caufed  to  pafs  a 
number  of  fucceffivo  times  upon  the  refidue 
from  which  it  was  expelled,  or  tipon  a  new 
f|uajatity  fimilar  to  that  of  the  firft  diftilla* 
tion.  ^ 

84.  ReSification  is  a  fpecies  of  diftillation, 
by  which  fluids  arc  purified  in  fome  inftances^ 
by  feparating  them  from  the  more,  volatile  parts 
Tirhich  change  their  qualities,  and  fometimes  by 

.  vpJatiJizing  the  fulye6t  itfelf,  in  order  to  iepa- 
rate  it  from  the  fixed  matters  which  diminifli- 
e'd  H*  purity.  . 

.2^.  TorrefaBiony  or  roafting,  confifts  in  the 
feparation  of  fome  of  the  volatile  principles  of 
a  dry  fubftance,  and  the  divifiop  or  attenuation 
.l^rhich  it  undergoes  at  the  fame  time.  Such  aie 
ihe  .changes  which  ore§  are  miadeito  undergo  • 
before  their  fufion.     It  is  to  this  laft  operation 

that 
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iliat  the  tenn  roafting  is  applied;  the  word 
Torrefadion  is  frequently  ufed  to  denote  thg 
application  of  fire  to  vegetable  fubft^ces. 

26.  Calcinaiion  is  ufually  the  volatilization 
of-  forae  matter  in  vapour,  or  in.  gas,  and  by 
thisj  means  its  feparation  from  another  more 
fixed  fubftance,  which  is  faid  to  be  calcined, 

sy,  Cupellation  is  applied  to  the  feparatSon 
rf  the  very  oxidable  metals  from  thofe  which 
Me  very  little  oxidable.  The  fmall  cups,  ot 
cupels,  of  calcined  bones,  which  are  ufed  to 
abfotb  Jhe  lead  in  the  form  of  a  vitrified  oxid^ 
when  it  feparates  from  gold  or  filver,  have 
giv^n  the  name  to  this  operation.  It  is  not 
lifed  but  in  the  a^t  of  aflaying  and  refining 
metals. 

38.  VkriJicat'K^n  is  the  fufion  of  ftiatters,  fuf<» 
ccptible  of  aiTuming  the  brillianqy,  the  tranfpa* 
rency,  and  the  hardnefs  of  glafs, 

29.  LLvvoiation  is  a  maceration  joined  to  filt 
tration.  'An  example  of  this  is  feen  in  the 
making  of  He  from  wood-afhes  in  domefiic 
ufe. 

SO.  Dejiccation  confifts,  as  its  name  implies, 
ia  drying  foft  humid  matters,  and  in  depriving 
them  of  the  water  which  they  contain,  which 
would  canfe  them  to  undergo  a  fpontaneous 
change.  It  is  prafl;ifed  by  expofure  to  the  fun, 
or  isu  9.  flove,  or  on  a  fand-bath,  and  it  is  ufed 
W^^h  vegetable  and  animal  matters,  falts,  earths, 
tod  ihfi  metallic  oxides  when  in  a  moift  date.  '■ 

31.  Thoug]| 
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31.  Though  the  word  combujiion  is  moil  fre- 
quently taken  to  exprefs  the  phenomenon  it- 
felf,  it  is  fometimfes  applied  to  the  operation 
of  burning  different  combuftible  bodies.  I 
frequently  ufe  the  word  de-combuftion  to  defig- 

'  liate  the  inverfe  operation  of  this  firft.     I  alfo, 
in  this  fenfe,  ufe  the  term  to  unburn  bodies. 

32.  The  word  inflammation  i%  rnoKirtc^ent- 
ly,  and  ftill  more  clearly,  applied  in  a  praftical 
fenfe;  becaufe  the  phenomenon  itfelf  is  the 
aim  of  the  operation,  namely,  that  of  putting 
the  fubftance  itfelf  into  a  ftate  of  flame  or  in- 
^ammation. 

S3»  Detonation  takes  place  in  all  ckfes  where 
fubflances,  being  combined  or  decompofed  very 
rapidly,  change  all  at  once  their  ftate,  and  in- 
ftantly  occupy  a  greater  volume,  and  by  means 
of  this  fudden  extenfion,  ftrike  the  air,  fo  as 
to  occafion  a  greater  or  lefs  found  by  its  vibra- 
tion. 

34,  Fulmination  does  not  differ  from  deto- 
nation, excepting  by  the  greater  rapidity  of 
the  ftroke,  the  more  violent  noife  and  the 
greater  refemblance  of  the  found  to  thunder, 
from  which  it  has  taken  its  chara6teriflic 
name.  ^ 

.  35.  Incineration  is  a  kind  of  combuflion 
carried  into  effe6l  upon  refidual  coals,  by  ciauf- 
ing  them  to  become  red-hot  with  the  contaft  of 
the  air,  and  frequently  renewing  their :  furfkces 
by  agitation,  or  iftirring  untilthey  are redu^ced 
to  aides. 

36.  0.rid' 
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36.  Oxidation  is  a  term  applied  to  every  ope- 
ration by  which  any  fubftance  is  combined  with 
oxigen,  fo  as  to  become  converted  into  an  ox- 
ide* ^  This  word  is  moft  frequently  employed 
to  exprefs  the  phenomenon  rather  than  the  ope- 
ration. In  this  laft  fenfe,  we  may  alfo  ufe  the 
oppoiite  word  dif-oxidation,  which  then  denotes 
an  operation  no  lefs  frequently  perfonned  in 
laboratories  than  the  former- 

.  S7*  ReduQion  is  the  procefs  by  which  the 
oxides  of  metals  are  caufed  to  appear  again 
under  the  metallic  form.  It  is  alfo  called  a  re-^ 
yivification,  and  is  truly  a  dif-oxidation. 

38.  The  ttrm  fermentation  is  moft  frequent*- 
ly  ufed  to  denote  the  phenomenon  by  which 
yegetables  and  animal  fubftances  undergo  a  pe- 
culiar change,  but  it  is  alfo  fometimes  ufed  to 
exprcfe  the  operation  by  means  of  which  che- 
mifts  caufe  thofe  fubftances  to  ferment. 

39-  The  thirty-eight  different  kinds  oi  ope- 
j^ttions,  of  which  fhort  definitions  are -her# 
giveft)  jcompr^hend  every  thing  which  can  be 
don^,  or  in  effedl  performed,  in  the  laborato^- 
toriea  and  experiments  of  chemiftry.  The  ol<- 
jefli  the  eflfe6l:,  and  the  ufes  are  here  exhibited 
in  a  fliort  outline.  The  proceffes  themfelves 
could  not  be  defcribed  but  in  a  work  coiifei- 
crated  to  the  pra6lical  part  of  the  fcience.  -We 
ihali,  however,  give  a  preliminary  notioii,  6t 
ihort  defcription,  of  thefe  proceffes  in  fome  parte 
i>f  this  work,  though  they  are  particularly  ap*^ 
propriated  to  the  theory  of  chemiftry.  ^  :^ 

■  '  .^  Articls 
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Article  XL 

Concerning  the  Chemical  ClaJJtfication  ofBodte$^ 

1.  FROM  the  explanations  detailed  in  many 
of  the  preceding  articles,  it  follows,  that,*  by 
means  of  the  natural  p^wer  of  the  eleftive  at* 
tra6lioTi  employed  by  chemifts  in  their  opei^- 
tdons,  they  have  fucceeded  in  proving  that  all 
bodies  dre  either  decompofable  or  indecompbfa* 
ble  ;  that  thefe  laft  may  be  confidered  as  fimpl^ 
faecaufe  their  habitudes  are  fuch  in  all  our  ex- 
periments,   and  that  the  former  ought  to  be 
regarded  as  compounds ;  tliat  we  do  not  knoir, 
and  probably  never  fliall  acquire,  a  knowledge 
cf  the  firft  principles  of  bodies;   that  all  tihie 
opinions  adopted   in    this  refpefl;   are    purely 
:vain  metaphyfical  fpeculations,  of  no  ufe  to  the 
jm>grefs  of  fcience;  and  that  it  is  neceffarf  ts 
•confine  omfclves  on  this  point  to  the  fiWfpk 
•wfults  of  ana:lyfis,  to  the  agreement  andri^at'^* 
£t$€uce.  of  the  produQs  they  afford. 
;    %  All  the  produ6lions  of  nature,  of  wKidl^ 
«b^mifiry  can  acquire  a  Icno.wledge,  aind  neipeSi' 
ing  the  compofition,  orthe  fijx^licity  of  irliidi 
it  is  ^vthori^ed  to  praaoujice,,may  differ,  and  fae 
•fi^vid^  into  two  great  claffcs,  theoneof  b^didi 
^?aple  or  uudecompofed,  tdie  other  d£  bbdiil 
JiQTxipoitd  or  decompofable.    Whence*  tlwi  g»« 
neral  data  of  all  the  operations  of  ctmifify 
\h  have 
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lav^  led  them  to  admit,  among  bodies,  feveral 
diftin6tions  very  different  from  thofe  adopted  in 
the  other  phyfical  fciences,  and  particularly  in 
natural  hiftory.  For  chemiftry  being  in  poffef- 
fion  of  another  method,  and  .  different  inflru- 
DsentS  to  interrogate  nature,  it  mufl  receive 
other  folutions,  and  will  not  confine  itfelf  to 
obferve  and  clafs  its  produ6iions  from  theii* 
phyfical  and  fenfible  properties,  namely,  their 
quantities^  their  maffes,.  their  volume,  and  their 
vifible  external  characters,  as  it  is  neceffary  to 
do  in  the  fludy  of  natural  hiflory,  which  cofif 
fiders  bodies  in  their  relation  of  form,  furface^ 
^  place  or  habitation,  different  ftates,  periodicil 
changes,  regular  or  determinate  alterations,  in 
ord^r  to  afcertain  what  they  are,  to  compare 
them  with  each  other,  and  methodically  to  ar- 
nmge  them. 

3.  It  is,  no  doubt,  of  great  advantage  in  the 
ttiethods.  of  natural  hiflory,  to  divide  all  the 
]nrodu6ts  of  the  globe  into  three  great  clalTes— 
iainetals,  vegetables,  and  animals;  to  eflablif|i 
for  eich-  of  thefe  claifes  the  fame  number  of 
kiiK^^ms  of  nature,  namely,  the  mineral,  the 
t^etable,  and  the  animal  kingdoms.  But 
this  divifion  has  the  inconvenience  of  not  in- 
cluding either  light,  or  heat,  or  atmofpheric 
^jfir,^  which  ihight,  neverthelefs,  by  their  m^ 
Kfid  hf  their  vail  influence,  f6rm  k  fourth  king- 
"dettv  taodifying,  envel(^ing,  and  even  govern- 
ing' the  bperations  of  the  three  others.  It  alfo 
tki^M^  t^d  drata  of  organized  bodies  in  the 

fofni 
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foi5l  fori%  which  are  added  to  the  ipinera^ 
that  conftilute  the  globe,  properly-  fpeaking; 
While  chemiftry,  fo  long  ilticertain  refpefting 
the  comparative  nature  of  thefe  great  claffes  of 
todies,  could  offer  no  general  cpnfiderations 
refpe&ing  their  arrangement^  it  waa  under  tte 
U^ceflity  of  following  the  traces^  of  natural  hi^T 
topy^  to  purfue  its  qourfe  with  fidelity,  and:  to 
admit  of  ^he  fame  claffifications.  No  deyia*^ 
tion  could  be  permitted,  under  thefe  circum* 
flanges,  >  or,  if  we  may  ufe  the  metaphorical  ex- 
preffioji,  chemiftjy  could  not  yet.take  her  flight, 
luppQrted  by  her  own  ftrength,  or  wander  with^ 
out  a  guide  in  the  wide  field  of  fcientific  «* 
iearch;  .  . .    , 

4.  But  the  numberlefs  difcoveries  with  wfaicb 
this  fcience  has  been  enriched :  diiring.  the; .  laft 
thirty  years,  the  precife  notions  which  it- has 
acquired  refpefting  the  nature  of  bodies,  the 
clearnefs  and  certainty  of  its  new  rgfults,'  the 
Jiappy  revolutions  which,  following  in  fome  re»- 
fpe6l  that  of  the  other  fciences,  behind  whfQli 
it  has, long  been  placed,  has,  all  at  once^^  PJ^^^ 
•chemiftry    before  thofe    branches    of  human 
knowledge,  and  has^  as  it  were,  pharged.  this 
.fcience  with  the  talk  of  eplightejwg  and  dv- 
^re6ling  their  progrefs>  den^and^  at  prefe^^l,  -  a 
rgrCfit  change  of  its  method,  and  allow- it. 4p 
.create  oije  different  from  tJ^pfer  whi<;^^  a^  ^f(4- 
,iowied   in  natui^al   hiftory  and  phi^pfpphy ; :  a 
,  Bjijgthod  not  ouly  fjecuHar^t(?:i|f?J;(y.;biitf[<^^ 
.  ktQji  tQ  render  its  prQgrgfej.4R9J:€bifeeit««>t^ai%^ 
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its  Ihidy  more  eafy  by  the  fyftematic^l  connec- 
^  tion  of  the  fa6ls  upon  which  it  is  eftablifhed. 
5.  Since  natural  bodies,  as  well  as  the  pro- 
dufts  of  art,  muft  be  alike  comprehended  in 
this  chemical  claffification ;  and,  as  this  clal|i"^ 
fication  muft  be  originally  founded  on  the  Am- 
ple or  compounded  nature  of  thefe  bodies,  I 
include  them  all  in  eight  grand  divifions,  of 
vhich  each,  forming  a  peculiar  clafs  of  chemi- 
'  cal  bodies,  will  appertain  to  one  of  the  fe6lions 
of  the  following  work  from  the  fecond  to  the 
eighth  incluiively.  The  feries  of  thefe  eight 
claffes  of  chemical  bodies  is  fo  difpofed  or  co- 
ordained  in  this  new  method,  that  it  leads  from 
the  fimple  or  lefs  compounded  bodies  to  thofe 
which  are  more  compounded ;  fo  that  the  pro- 
perties or  fufceptibilities  of  change  in  thofe 
bodies,  becoming  multiplied,  in  proportion  as 
we  advance  in  their  ftudy,  we  fliall  find  a  great- 
er number  of  means  and  inftrumeuts  to  appre- 
ciate and  form  a  proper  conception  of  them,  in 
the  knowledge  acquired  refpefting  thofe  which 
have  preceded. 

.6.  The  firft  clafs  of  chemical  bodies  compre- 
hends thofe"  which  have  not  by  any  art  been 
decompofetl,  which  nature  p^efents  either  fe- 
parate  or  united  together,  but  which  art  con-* 
ftantly  finds  unalterable  and  unchanged  after 
its  analyfis ;  and  which  confequently  may,  un^ 
dcr  this  point  of  view^  be  confidered  as  the  true 
principles  and  elements  of  all  compounds.  We 
fliall  fee  that  thefe,  like  the  firft  materials  of  all 
Vol.  I.  K  natural 
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natural  produ^ions,  exift  in  great  quantities  at 
the  fiirface,  or  within  the  globe.  Their  hiftory 
forms  the  iecond  ie6lion  of  this  work,  and  fol- 
lows the  firftfeftion,  which  treats  of  the  gene-? 
ralities  of  chemiftry,  and  conftitutes  the  intro- 
du6tion  to  the  fcience. 

7.  The  fecond  clafs  of  chemical  bodies  in- 
cludes the  binary  compounds  or  leaft  complica- 
ted ;  all  which  are  the  refults  of  the  union  of 
combuftible  bodies,  of  the  preceding  clafs,  with 
the  principle  which  unites  with  them  during 
their  combuftion,  and  is  alfo  comprifed  in  that 
firft  clafs.  Thefe  are  burned  ^  bodies.  As  all 
the  properties  of  bodies  placed  in  the  firft  clafs 
depend  on  combuftion,  of  which  they  are  either 
the  prod^ifts  or  the  fubje6ls,  it  is  extremely 
natural  and  methodical  to  arrange  the  burned 
bodies,  or  compounds,  which  j^fult  from  their 
combuftion  immediately  after  the  firft.  Thefe 
burned  bodies  form  the  third  fedion  of  this^ 
work. 

8.  In  the  third  clafs  of  chemical  bodies  are 
placed  the  earths  and  the  alkalis  ;  bafes  which 
are  named  falifiable,  becaufe,  when  combined 
with  the  bodies  of  the  fecond  clafs,  they  con- 
ftitute  tlie  falts  properly  fo  called.  Though  the 
greater  number  of  thefe  fubftances  have  not  yet 
been  decompofed,  we  already  poflefs  too  many 
fa.&s  refpefting  their  hiftory,  and  natural  forma- 
tion, to  admit  of  a  doubt  that  they  are  ^  of  the 
order  of  binary  compofition,  and  confequently 
bear  relation  to  the  preceding  compounds.    We 

lljaU 
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Ihall  difcufs  this  obje6l  more  fully  in  the  fourth 
feftion  of  this  treatife,  which  is  appropriated  to 
them ;  befides  which,  the  number  and  import- 
ance of  the  combinations  which  they  form  with 
burned  bodies,  require  that  their  bafes  fhould 
be  placed  immediately  after  the  former. 

5-  To  the  fourth  clafs  of  chemical  bodies  be- 
long, by  very  natural  order,  the  falts  ;  fonned 
by  a  determinate  union  of  the  burned  bodies  of 
the  fecond  clafs  with  the  falifiable  bafes  of  the 
third.  This  clafs,  confifting,  at  prefent,  of  a 
very  great  number  of  fubftances  will  be  treated 
of  in  the  fifth  fedion  of  this  work. 

10.  The  fifth  clafs  of  chemical  bodies  is  ap- 
propriated to  the  metallic  fubftances;  confi- 
dered  individually  and  diftributed  methodically 
with  regard  to  each  other.  They  are  firft  treat- 
ed, in  a  general  manner,  and  merely  with  regard 
to  their  relation  to  the  other  combuftible  bodies, 
of  the  firft  clafs.  As  fnnple  matters,  the  metals 
are  of  too,  great  importance  \/ith  refpeft  to  every 
branch  of  knowledge ;  they  form  fo  many  ufe- 
ful  combinations,  and  their  hiftory  would  be 
too  inaccurate  and  too  incomplete,  if  it  v/ere 
not  preceded  by  that  of  all  the  bodies  examined 
before  them,  in  order  that  they  may  poflTefs  a 
particular  clafs  in  the  chemical  diftribution  of 
the  produfts  of  nature.  This  fifth  clafs  wilK 
compofe  the  fixth  feftion  of  the  prefent  trea- 
tife. 

11.  In  the  fixth  clafs  I  arrange  thofe  mine- 
ral, orfoiTil,  ftony,  or  metallic  compounds,  which 
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are  found  in  the  hoifireh  of  the  earth,  and  which, 
eonfidei'ed  as  natural  chemical  qombinations>.  of  • 
great  importance  io  be  known>  ought  to  form  a 
peculiar  clafs  among  the  productions  of  nature, 
when  their  mineralogy  fs  required  to  be  ftudied- 
But  all  tliefe  foffil  bodies  being  treated  of  in 
one  or  other  of  the  four  preceding  fe6lions,  I 
have  not  thought  it  proper  tp  include  them  in  a^ 
particular  feclion  of  thi»  worfc. 

12.  In  the  ferenth  clafs  of  chemical  bodies 
are  plat-ed  vegetable  compounds  or  materials  of 
plants ;  combinations  more  complicated  than  all 
the  preceding,  which  oifer  to  our  confideration 
more  numerous  principles,  more  multiplied  at- 
tradions,  and  more  vairious  alterations.  The 
knowledge  of  tliefe  bodies  leads  to  the  pheno- 
nomena  which  include  the  caufes  of  vegetation, 
and  the  theory  of  vegetable  philofophy.  They 
€Oiiftitute  the  feventh  feftion  of  this  work. 

13.  Laftly,  the  eighth  and  laft  clafe  of  che- 
mical bodies  contains  the  animal  compounds, 
the  ultimate  term  of  the  attraftions  and  moft 
complicated  fynthefis; — ftill  more  complicated 
than  vegetables^  more  changeable,  and  more 
variable ;  of  which  the  properties  explained  in 
the  eighth  feftion  of  this  Work,  enlighten  the 
philofophy  of  animal  fubftances,  and  require^ 
in  order  to  be  accurately  known,  that  we  fhould 
poffefs  precife  notions  of  all  the  bodies  com- 
prehended in  the  feven  preceding  claffes, 

14.  In  each  clafs  of  chemical  bodies,  the 
feries  of  the  fubftances,  which  'belong  to  the 

fame. 
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ta^mty  will  be  determined  by  their  intimate  pro- 
perties, and  by  charafters  founded  on  their 
comparative  nature  or  relative  attractions ;  fo 
that  their  mere  diftribution  will  exhibit  a  fyfte- 
matical  outline  of  all  the  information  which 
fcience^  poffeffes  refpefting  themr 

15.  In  the  theoretical  expofition  of  the  pro* 
pertieSj  combinations,  and  decompofitions  of 
all  the  preceding  bodies,  we  fliall  conftantly  ob- 
ferve,  as  I  have  already  had  occafion  to  re- 
mark, that  all  the  chemical  phenomena  pre- 
fented  by  thefc  bodies,  are  owing  merely  to  the 
eflfeQ;  of  the  relative  attractions  which  exift  be- 
tween  them ;  and  that,  on  various  occaiions,  I 
have  advantageoufly  availed  myfelf  of  the  pro- 
portion, or  relative  energy,  of  thofe  attrai5lion% 
for  the  methodical  difpofition  of  the  produc- 
tions of  nature  belonging  to  feyeral  of  thofe 
<dafles« 


Article  XIL 

CoHcermng  the  Komenettiture,  and  tlie  Signs  or  Charac- 

ters  of  Chemifir^. 

IN  one  of  the  firft  articles  of  this  feftion,  I 
have  announced,  that  the  nomenclature  which 
was  changed  lince  the  fuccefs  of  the  great  re- 
volution this  fcience  has  undergone,  in  1787, 
differs  totally  from  the  ancient  names  adopted 
to  denote  the  compounds  and  their  principles, 

by 
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by  prefenting  a  regular  fyftem  and  a  method U 
cal  arrangement  of  the  accurate  knowledge 
poffeffed  by  chemifts.  It  is  indifpenfable,  in 
this  place,  according  to  the  order  I  have  adopt- 
ed in  prefenting  thefe  elements,  that  I  fliould 
give  an  account  of  the  progrefs  of  my  co-ope- 
rators q.nd  myfelf  in  the  formation  of  this  new 
language. 

2.  The  firft  principle  by  which  we  were 
guided  was,  to  conne6l  the  words  with  the 
things  they  were  defigned  to  reprefent.  We 
began  by  ban i filing  from  the  nomenclature  all 
words  deduced  from  the  names  of  the  inventors, 
from  the  medical  or  ufual  properties,  and,  by 
ftill  flronger  reafon,  from  thofe  hypothefes  which 
had  been  imagined  to  explain  faSs  ill  obferved, 
ill  conneded,  and  of  which  the  relation  with 
other  fa6is  was  not  yet  difcovered.  By  thefe 
means  many  ancient  names,  founded  on  the 
opinions  of  the  alchemifts,  which  were,  in 
truth,  grofsly  erroneous,  have  difappeared  from 
uniong  the  new  denominations. 

3.  The  fnigularity  of  the  ancient  names — 
their  fource  derived  from  every  kind  o^  preju- 
dice and  hypothefis — their  abfolute  incoherence 
and  independence  of  each  other — their  origin  at 
different  epochas,  whfn  they  were  propofed  to 
exprefs  ideas  different  from  thofe  they  were  af- 
terwards employed  to  dengte,  forming  the  no- 
menclature at  that  time  received,  conftituted  a 
real  chaos,  which  embarraffed  the  fludy  of  the 
^gience,     The  authors  of  the  new  nomenclature 

imme-f 
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immediately  faw  the  neceffity  of  creating  a  new 
method,  which  might  conne6l  all  the  chemical 
fa6ts  with  each  other,  andprcfent  their  feries 
in  a  fyftematical  order.  Hence  it  was  that 
they  gave  to  the  refult  of  their  exertions  the 
title  of  the  methodical  nomenclature. 

4.  The  names  which  they  adopted,  frequent- 
ly by  borrowing  terms  from  the  ancients,  and 
in  every  cafe  by  doing  fo  when  the  ancient 
term  expreffed  neither  an  error  nor  an  hypothe- 
fis  which  could  not  be  fupported,  as  well  as  the 
other  words  which  they  were  obliged  to  form  to 
cxprefs  bodies  newly  difcovered,  and  unknown 
to  the  ancient  chemifts,  are  in  general  fhort. 
The  greateft  care  has-been  taken  to  avoid  thofe 
circumlocutions  and  phrafes  which  have  been 
formerly  adopted,  and  conftituted  a  language 
fo  difficult  to  be  retained.  The  precifion  and 
concifenefs  of  the  ne\v  expreflions,  render  them 
eafy  to  be  pronounced  and  written,  and  afford 
the  means  of  economifmg  time,  which  is  fo 
valuable  in  the  ftudy  and  cultivation  of  the 
fciences. 

5.  The  terms  of  the  methodical  nomencla* 
ture  arCj  in  general,  always  relative  to  the  na- 
ture of  the  body  they  denote,  and  have  no  re- 
lation to  the  inventor,  like  niany  of  the  ancient 
uames,  nor  confequently  with  the  prejudices 
which  the  difcoveries  made  in  the  times  of  aU 
^hemy  had  neceffarily  produced.  Whei^  the 
fti^ture  of  the  body  to  which  a  name  was  to  be 

given 


146        JJOkEl^CLArURE    OF    CHfiMISTHT. 

givfeh  was  n5t  exadly  known,  we  have  preferred 
to  give  thofe  names  which  expreffed  nothing 
j^dfitive,  and  could  not  give  rife  to  miftakes. 
Experience  proves,  that  early  prejudices  take 
fuch  ftrong  hold  on  the  mind,  and  that  it  is  fo 
difficult  to  deftroy  them  afterwards,  that  too 
much  care  cannot  be  taken  to  avoid  every  oc- 
cafion  of  producing  them.  Accordingly,  the 
nameiS,  of  little  fignification,  or  fcarccly  of  any 
import,  are  derived  either  from  the  pofitive  fub«r 
ftances  whiiph  afford  the  body  in  queftion,  or 
the  place  where  it  is  found,  &c. 

6.  The  roots  of  new  denominations,  applied 
to  exprefs  bpdies,  a;lfo  new  or  unknown  to  the 
ancient  cbemifts,  are  conftantly  derived  from 
the  Greek  language.  To  the  advantage  of 
bearing  no  relation  with  the  words  already 
known,  and  confeque'ntly  of  being  confounded 
wdth  names  belonging  to  different  fubflances, 
they  Alfo  unite  the  advantage  of  offering  to  the 
tar  agreeable  founds,  eafy  to  pronounce,  forne* 
times  even  harmonious ;  and,  by  thefe  means, 
to  approach  the  genius  of  the  French  language, 
of  which,  the  foftnefs  and  eafy  pronunciation 
have  made  it  a  medium  of  intercourfe  the  moil 
generally  ufed  in  the  world/  Befides  which, 
by  borrowing  our  definitionsf  from  the  language 
pf  a  polifhed  people,  with  whom  the  Ftench 
have  at  all  times  borne  the  mofl  fltiking  analo- 
gy ;  hy  caufing  chemiflry  to  fpeak  the  language 
pf  Ariftotle  and  of  Plato,  we  oflfer  to  the  mind 
a  ff uitful  fpuf ce  of  eafy  recoUedlion,  and  ihow, 

ip 
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in  words  of  a  permanent  etymology,  the  feries 
of  ideas  which  they  reprefent,  and  of  which 
they  are  either  the  faithful  impreffions  or  the 
iimple  counterpart. 

7.  At  the  fame  time,  while  the  propofers  have 
reCourfe  to  the  language  of  the  Greek  philofo- 
phers  for  new  terms,  in  the  ufe  of  which  they 
have  been  extremely  fparing,  the  whole  number 
^opted  in  the  methodical  nomendature  not 
ekceeding  fix  or  eight,  they  have  alfo  confult* 
ed,  at  the  fame  time,  the  g-enius  and  progrefs  of 
the  French  language.  They  have  not  adopt* 
fed  a  fervile  imitation  or  fimple  tranflatibn  of 
the  Greek  wtjrds  which  they  have  tranfport* 
cditito  their  language.  .  Thofe  words  being  em* 
Jployed  only  in  part,  are  appropriated  to  the  rules 
ibf  the  grammar  of  their  country.  They  were 
deftined  only  to  bring  to  mind  feme  ftriking 
tod  well-chara6lerized  properties,  and  thq  an- 
cient idiom  of  Athens  will  be  found  to  no 
greater  extent  than  is  neceffary  to  enlighten  the 
underflanding  of  thofe  who  read  or  pronounce 
them.  Thofe  terms  fuppofe  only  the  flighteft, 
the  me&  fimple  knowledge  of  the  principal 
Greek  words,  a  knowledge  which  muft  forni 
part  of  the  liberal  education  of  a  native  of 
France,  who  is  defirous  of  devoting  himfelf  to 
€ke  ftudy  and  cultivation  of  the  fciences, 

8.  In  general,  the  names  applied  to  fimple 
bodies,  or  thofe  which  have  not  yet  been  de-? 
ci(ittipofed  are  merely  fimple  words ;  each  of  thofe 
bodies  is  expreffed  by  a  fingle  word,  apd  thii? 

woi'd 
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word  is  almoft  always  tlie  term  which<  has  been 
long  adopted.  The  propofers  of  this  nomen- 
clature have  made  it  a  law,  fcrupuloufly  to  pre- 
fer ve  the  ancient  names  in  all  cafes  wherein  the 
fubjeft,  denominated  and  long  known,  prefented 
in  its  ancient  denomination  no  one  of  the  vices 
which  they  were  defirous  of  avoidii^g.  When 
Jthe  ancient  term  was  found  imperfefl;  in  thofe 
j-efpects,  they  have  frequently  been  content  to 
modify  the  received  term  in  order  to  correft  its 
defc&y  but  without  altering  its  nature  fo  far  as 
to  render  it  difficult  to  be  again  known.  New 
words  have  not  been  applied  to  fimple  bodies 
excepting  in  the  cafe  of  abfolute  neceffity ;  that 
is  to  fay,  when  thofe  bodies  were  formerly  en- 
tirely unknown,  and  being  the  products  of  new 
difcovery  were  confequently  in  poffeffion  of  no 
denomination  iu  the  old  nomenclature. 

9-  To  compound  bodies  they  have  in  general 
given  compound  names,  formed  to  iliow  the 
kind  and  nature  of  their  component  parts ;  fo 
that  by  pronouncing  thofe  terms  we  exprefs 
v/ithout  error  and  without  obfcurity,  what  are 
the  fubftances  of  which  >ve  fpcak  without  being 
required  to  make  thofe  efforts  of  memory  which 
the  chemical  nomenclature  formerly  demanded, 
v/hen  its  terms  bore  no  relation,  or  a  very  re- 
mote relation  with  the  bodies  concerning  M'hich 
it  treated. 

1 0.  There  are,  neverthelefs,  fome  compounds 
which,  in  their  nature,  are  fo  complicated,  that 
thiey  would  have  required  a  great  number  of 

words 
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Voids  to  exprefs  their  compofitioii.  In  this 
cafe,  as  will  be  feen  in  the  vegetable  or  animal 
fubftances,  the  method  has  been  adopted  of  de- 
ducing their  name,  either  from  the  fubftances 
which  afford  them,  or  fome  determinate  obvious 
properties  fufceptible  of  charafterizing  them 
without  error. 

11.  Tlie  chemical  names  of  the  methodical 
nomenclature  poffefs  another  advantage,  name- 
ly, that  they  are  few,  notwithftanding  the 
great  number  of  fnnple  or  compound  bodies, 
which  they  are  employed  to  exprefs.  For  this 
purpofe,  the  method  of  varying  the  termination 
is  ufed  to.  exprefs  the  diflerent  ftates  of  the 
combined  fubftances ;  which  are  difpofed  in 
fuch  a  manner  as  to  announce  all  the  difr 
ferences  obfervable  in  their  combinations. 
Thefe  terminations  are  the  fame  in  analogous 
compofitions,  and  the  found  they  afford  is  fuf- 
ficient  to  exhibit  the  nature  of  the  compofition 
to  which  each  of  them  is  appropriated, 

Ig.  The  union  of  principles  whicji  I  have 
here  exhibited,  forms  a  fyftem  of  denominations 
eafy  to  be  retained,  and  of  which  totality  pre- 
fents,  in  its  feries  of  names,  the  exa6l  and  faith- 
ful outline  pf  the  fafts  which  conftitute.  the 
whole  of  the  fpience.  Jt  follows  therefore,  that 
the  chemical  language  cpmpofing  the  methodic 
cal  nomenclature^  is  the  fimple  expreffion  of  the 
phenomena  j  that  it  admits  of  nothing  arbitrary, 
and  cannot  be  confidered  but  as  the  jreprefentation 
pf  the  things  themfplv^s.     It  has  the  additional 

advantage 
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advantage  of  embracing-  not  only  the  known 
fa6ls,  but  alfo  of  adapting  Hfelf  with  great  fit- 
cility  to  all  the  difco veries  yet  concealed  in 
the  bofom  of  nature ;  as  the  feries  of  thofe  dif- 
coveries  which  have  been  made  in  the  courfe  of 
eleven  years  from  1787,  the  time  of  the  efta- 
blifhment  of  this  nomenclature  to  the  moment 
in  which  I  write  the  prefent,  fufficiently  proves. 
This  is  the  firft  example  of  the  creatioii  of  a 
fyftematic  and  analytical  language  in  any  fci- 
ence.  The  happy  fuccefs  which  has  followed 
its  admiffion,  permits  us  to  hope  that  a  ufeful 
application  of  this  procefs  will  be  made  to  the 
other  philofophical  fciences,  and  the  attempts 
already  made'  in  the  nomenclatures  of  anatomy 
and  mineralogy  juftify  this  hope. 

13.  The  fyftem  of  methodical  nomenclature 
muft  neceffarily  require  a  change  in  the  chemi- 
cal figns  or  charafters,  of  which  the  ufe  is  often 
fo  advantageous  for  the  cohcife  expreffion  of 
phenomena,  and  refults  of  experiment,  which 
conftitute  a  kind  of  univerfal  language  inde- 
pend^t  of  the  different  idioms,  like  the  lettei« 
in  algebra.  The  old  chemical  charafters  were 
myfterious  emblems ;  a  kind  of  hieroglyphics 
which  the  alchemifts  made  ufe  of  to  involve  and 
conceal  their  operations ;  their  origin  being  fix- 
ed in  an  opinion  no  lefs  erroneous  than  fingular, 
they  were  diftinguiflied,  at  the  fame  tithe,  by 
falfehood  and  inconfiftency.  They  were  found* 
ed  on  the  dodrine  of  fignatures,  fympathies,  and 
pretended  relation  between  the  liars  and  fublu*- 

nary 
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naiy .  bodies,  or  the  relations  of  thefe  laft  to  each 
other  in  their  nioft  difcordant  properties.  They 
could  only,  therefore,  be  confidered  as  the  falfe 
reprefentations  of  a  multitude  of  hypothefe* 
more  or  lefs  abfurd.  For  a  long  time,  and  more 
efpecially  fince  the  epoch  in  which  chemiftry 
threw  off  the  yoke  of  alchemy,  natural  philofo- 
phers  have  ufed  them  with  regret,  and  have 
inceffantly  deplored  the  ridiculous  falfity  of 
thefe  inftruments.  The  leaft  of  their  defefts 
was  that  they  offer  nothing  fy  ftematical  or  com- 
parable between  each  other ;  and  this  incon- 
fiftency  became  more  ftriking,  in  proportion  as 
the  progrefs  of  fcience  made  it  neceffary  to  add 
other  figns  to  exprefs  fubftances  newly  difco- 
vered ;  as  may  be  feen  in  the  tables  of  chemical 
attra^ions,  publiflied  by  Bergmann,  in  which 
that  illuftrious  chemift  has,  nevei^thelefs,  at- 
tempted to  fubje6l  the  form  of  the  charafters  to 
fome  method.     But  no  chemift  could  fucfceed 

ft. 

ill  changing  tliofe  ancient  fignatures  and  fan- 
taftic  emblems,  while  the  fcience  itfelf,  being  no 
lefe  obfcure  and  fantaftic  in  its  nomenclature, 
afforded  them  no  folid  bafis  to  produce  a  change 
fo  defirable. 

14.  One  of  the  advantages  of  the  new  me- 
thodical nomenclature  is,  that  it  has  not  only 
promoted,  but  even  imperioufly  demanded  this, 
renovation  of  charafters.  This  nomenclature 
alone,  by  its  fyftematic  and  regular  arrange- 
ment, was  capable  of  dire6ling  the  formation 
of  figna  intended  to  exclude,    and  fo  advan-* 

tageoufly 
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tageoufly  to  replace  the  ancient  hieroglyphics^ 
Citizens  Adet  and  Haffenfratz  undertook  this 
work  at  the  very  moment  when  the  methodical 
nomenclature  was  propofed,  and  they  have  per- 
formed it  with  all  the  clearnefs,  fnnplicity,  and 
method,  which  was  to  be  expefted  from  their 
talents  and  information.     Without  explaining 
thefe  figns  in  this  place,  becaufe  the  defcrip- 
tion  and  explanation  would  be  entirely   dif- 
placed,  I  fhall  content  myfelf  with  obferving, 
that  they  perfedly  agree  with  the  methodical 
nomenclature ;  that  the  characters  deduced  from 
fmiple  figures,  the  right  line,  the  femi-circle, 
the  triangle,  and  the  fquare,  placed  in  different 
manners,  exprefs  the  fimple  fubftances  ; — that 
each  of  thofe  charaders  forms  a  genus  defigned 
to  reprefent  a  correfponding  genus  of  bodies,  of 
which  the  fpecies  are  afterwards  determined  by 
thci^  relative  pofition,  and  the  addition  of  the 
initial  letter  of  the  name  which  belongs  to'each ; 
that  by  uniting  or  connecting  two  of  thefe  fim- 
ple bodies,  the  authors  have  thus  reprefented 
binary  compounds,  of  which  the  image  itfelf 
traces,  by  the  relative  difpofitions,  the  two  con- 
nccled  figns  of  the  proportion  of  each  of  their 
component  parts;  that,  in  this  manner,  they  have 
fucceeded  by  an  ingenious  and  fimple  method 
to  refolve  the  greatcft  part  of  the  important 
problem  they  had  propofed  to  themfelves,  name- 
ly, to  exhibit  by  figures  and  emblems,  the  fim- " 
pie  or  compounded  nature  of  bodies,  their  order 
and  compofition,  or  the  number  of  their  com- 
ponent 
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ponent  parts,  as  well  as  the  general  proportion 
of  the  fame. 

15.  Thefe  fimplc  figns,  no  lefs  diftinft  and 
eafy  to  be  fixed  i()  the  memory,  than  to  be  writ- 
ten, by  forming  a  methodical  and  fvftematic 
feries  of  chemical  charafters,  founded  on  the 
fame  bafis  as  the  nomenclature  itfelf,  and,  like 
that  nomenclature,  intended  to  reprefent  with- 
out any  arbitrary  fuppofition  or  of  hypothefis, 
all  the  refults  and  experiments, — poffefs  likewife, 
in  common  with  that  nomenclature,  the  advan- 
tage of  prefenting,  not  only  the  knowledge  Me 
poiTefs,  but  alfo  by  their  generality  and  the  va- 
rious difpoiitions  of  ^hich  they  are  fufceptible, 
they  afford  future  materials  to  defignate  new  bo- 
dies, even  among  the  undecompofed  fiibllances 
accordingly  as  the  fcience  fliall  enrich  itfelf  by- 
new  difcoveries.  It  is  more  particularly  in  this 
refpe6f,  that,  like  the  new  denominations,  thefe 
chara6lers  are.  diftinguilhed  from  the  ancient 
hieroglyphics  which,  being  altogether  hypothe- 
tical or  erroneous,  become  more  and  more  re- 
mote  from  every  fyftematical  order,  in  propor- 
tion to  the  neceflity  of  forming  new  charaflers 
to  exprefs  fubftances  before  unknown. 


SECTION 


154  Simple  bodies. 


SECTION  SECOND. 

Concerning  Jimple  SodieSj  orfuch  fls  have  not 

yet  been  decompofed* 


Article  I. 

General  Conjlderations  refpeSing  fimple  Bodies ;  their 

Number;  their  Clajijication. 

1.  ALL  thfe  bodies  in  nature,  confidered  with 
regard  to  the  manner  in  which  they  are  aflfeft* 
cd  in  chemical  operations,  prefent  themfelveft 
to  us  either  as  fimple  or  as  compounded  ; — that 
is  to  fay,  the  latter  are  capable  of  being  afiied 
upon  by  the  different  methods  of  analyfis,  and 
can  be  feparated  into  bodies  lefs  compofed, 
ivhich  are  called  principles,  in  comparifon  with 
thofe  from  which  they  are  obtained;  whereat 
the  former,  treated  in  the  f^ipe  manner,  do  not 
afford  any  principle  more  limple  than  them- 
felves,  and  are  not  capable  of  being  analyfed. 

2.  Whenever,  therefore,  we  ufe  the  denomi- 
nation of  fimple  bodies  in  chemiftry,  the  tferm 
is  to  be  underflood  only  of  bodies  not  yet  de- 
compofed.  We  cannot  pretend  that  thefe  bo- 
dies are  really  fimple  in  themfelves,  or  that  they 

are 
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are  not  formed  of  other  elements  ftill  more  fim- 
pie.  We  can  only  affirm,  that  in  all  the  expe* 
riments  of  the  fcience,  thefe  bodies  are  found 
to  a6l  as  if  they  were  fimple  ;  that  they  cannot 
be  decompofed  by  any  of  our  methods ;  that 
they  refift  every  fpecies  of  analy fis,  and  can  only 
be  combined  with  other  bodies,  or  be  made  to 
untlergo  various  fynthefes* 

3.  Natural  bodies,  confidered  under  this 
point  of  view,  prefent  to  chemifts  very  great 
differences  from  the  dodrines  which  were  for- 
merly held  refpeding  them.  Moft  of  thofe 
which  were  fonnerly  confidered  as  fimple,  and 
as  the  elements  of  all  other  bodies,  are  found 
to  be  more  or  lefs  compounded ;  while  of  thofe, 
which  were  formerly  ranked  among  the  clafs  of 
compounds,  there  are  a  great  number  which 
are  really  not  decompofable,  and  can  only  be 
placed  among  fimple  bodies. 

4.  We  muft  not  give  to  this  diftinftion, 
though  eftabliihed  in  modern  chemiftry,  a 
greater  degree  of  extenfion  or  latitude  than  it 
is  really  entitled  to,  or  afcribe  tp  the  chemifts 
who  admit  it,  notions  which  they  do  not  enter- 
tain. They  do  not  in  truth  exprefs  by  the 
,words  fimple  bodies,  any  thing  more  than  the 
refiilt  of  a  chemical  faft,  which  proves  that 
thofe  bodies  refift  every  attempt  at  analyfis,  and 
are  only  known  by  the  part  they  form  in  com- ' 
binations.  They  do  not  confound  them  either 
with  the  principles  or  the  elements  of  the  an- 
cient chemifts.     It  is  true  that  they  no  longer 

Vox-.  I.  L  treat 
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treat  of  thofe  principles  or  elements  in  par^ 
ticular,  becaufe  they  can  perceive  nothing  in 
the  theory,  which  formerly  admitted  them,  bat 
loofe  hypothetical  notions  far  from  poflTeffing 
any  agreement  with  the  fevere  procefe  of  rea- 
foning,  and  the  doctrine  which  follows  from 
their  accurate  operations. 

5.  The  bodies  which  have  not  hitherto  been 
decompofed,  amount  to  near  thirty.  We  fliall 
even  find  that  there  are  feveral  others  placed  in 
the  following  fe6lions,  which  may  be'  arranged 
in  the  fame  clafs  which  enlarges  the  number  to 
more  than  forty ;  but  thofe  ten  or  twelve  laft 
fubftances,  without  being  decompofable,  do, 
nevertlielefsj  approach  fo  nearly  to  other  bodies 
in  their  chemical  properties,  which  are  known 
to  be  compounded,  that  it  is  hardly  pofiible  to 
feparate  them,  or  to  give  up  the  expedation 
that  we  fhall  fucceed  in  decompofing  them,  long 
before  that  period  in  which  thofe  other  bodies, 
which  are  at  prefent  reckoned  among  (imple 
fubftancps,  lliatl  be  known  with  regard  to  their 
intimate  nature,  or  their  laft  conftituent  par- 
ticles. 

6.  The  fimple  or  undecompofable  bodies, 
which  are  arranged  and  examined  in  this  fecond 
feftion,  are  light,  caloric,  oxigen,  azote,  hidro- 
gen,  f  arbon,  phofphorus,  fulphur,  the  diamond, 
and  metals,  which  comprehend  twenty-one 
different  fpecies  diftind  from  each  other.  If 
we  place  immediately  after  oxigen  and  azote, 
the  atmofpheric  air,  which  is  the  compound  of 

thcfe 


theife  twotafesj.we  fliall  have  eleven  bodies  form- 
ing the  fubje6i;  of  the  eleven  following  articles 
of  this  fedion* 

7.  By  comparing  together  the  ten  genera  of 

fimple  bodies,  of  which  the  number,  the  relative 

difpofition,  and  the   denominations,    are  here 

given,  we  fee  that  the  greater  number  of  them 

are  combuftible  or  inflammable  matters;  that 

another  genus  is  folely  and  exclufively  necef- 

fary  to  the  combuftion  of  the  firft ;  that  a  third 

comprehends  that  fubftance  which  favours  or 

provokes  combuftion,  and  laftly,  that  a  fourth 

^etius  is  almoft  always  difengagdd  in  the  com-^ 

l)uftion,  and  is  las  it  were  the  produQ;  of  this 

phenomenon. 

8.  All  fimple  bodies,  therefore,  bear  relation 
to  combuftion,  either  as  produ6fes,  or  as  favour- 
ing that  -  procefs,  or  as  being  immediately  and 
ajeceiTarily  fubfervient  thereto,  or  aa  themfelves 
imdergoing  or  being  the  proper  obje6l  of  that 
procefs.  The  one  are  the  phenomena  or  accef- 
fories,  the  other,  are  the  conditions  or  the  fub- 

je6i;s. 

9.  It  muft  follow,   from  thefe  two  confidei^a* 

tions  (Nos.  7  and  8),  that  combuftion  is  one  of 

the  greateft  and  moft  frequent  phenomena  of 

nature ;  fince  all  that  relates  to  the  hiftoiy  of 

the  ten  fimple  bodies  belongs  to  it  exclufively. 

Modem    chemiftry,    therefore,     after    having 

placed  this  truth  in  its  full  light,  has  eftabliih- 

ed  one   of  the  principal   foundations   of  the 

fcience. 

L  2  10.  Tlie 
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10.  The  effeft,  or  mode  of  aftion,  which  i?f 
attributed  to  each  of  the  teh  frmple  bodies  in 
the  a£l  of  combuftion,  of  which  they  embrace . 
the  vaft  phenomenon,  is  diftributed  in  the  fol- 
lowing order  :  Light  is  one  of  the  moft  conftant 
produfts,  and  it  is  the  prefence  of  this  being 
which  moft  men  exprefs  by  the  words  flanie, 
inflammation,  inflammability.  Caloric,  befides 
that  it  isalmoft  always  the  product,  is  found, 
like  light,  to  favor,  to  produce,  to  excite,  to 
determine,  and  to  accelerate  the  procefs,  Ox- 
igen  is. the  principal  agent,  and  conftitutes  it  by 
an  indifpenfible  neceffity  for  its  prefence.  Azote, 
hidjogen,  carbon,  phofphorus,  fiilphur,  dia- 
mond,  and  the  metals,  are  the  objefls,  the  fub- 
je<5i^>  or  the  true  inftruments  of  this  procefs. 

11,  There  is  ftill  another  important  confide- 
ration,  on  the  totality  and  comparifon  of  the 
ten  genera  and  fimple  bodies,  which  relates  to 
the  great  mafs  of  feme  of  them ;  the  immenfe. 
fpace  which  they  occupy  on  the  terreftrial 
globe,  and  the  little  relative  abundance  of 
others,  as  well  as  their  condenfation  and  difpo- 
fition  on  a  few  points  of  the  earth  merely. 
Light  and  caloric  occupy  the  entire  fpace  of  the 
univerfe,  and  are  every  Avhere  dIfFufed  j  oxigen 
and  azote  compofe  the  atmofphcre,  which  they 
fill.  '  The  fix  other  genera  of  fimple  bodies, 
behig  all  combuftible  fubftances,  properly  fo 
called,  exift  in  much  fmaller  quantities,  and 
particularly  in  much  fniallcr  maffes,  than  the 

former 
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former,  and  are  diffeminated  or  depofitcd,  in  a 
denfe  ftate,  in  fomc  of  the  ftrata  of  this  globe. 

12.  The  f()ur  firft  bodies  therefore  a6l  gene- 
rally, and  during  every  inftant  of  time,  on  all 
other  natural  bodies,  and  accordingly  enter  in- 
to the  conipofition  of  a  multitude  of  produc- 
tions. They  may^  therefore  be  regarded  as  hold- 
ing, in  the  new  chemical  fyftem,  the  fame  rank 
as  was  formerly  given  to  the  elements.  Never- 
thelefs,  from  their  refemblance  to  the  four  firft, 
in  the  common  point  of  view,  many  of  the  fix 
following  genera  of  fimple  bodies,  though  lefs 
abundant  than  the  former,  may  and  muft  be 
equally  coniidered  as  forming  the  bafes  and 
dements  of  many  of  the  compounds,  which 
will  be  examined  in  the  following  fedions. 
This  propofition  is  more  particularly  applica- 
ble to  hidrogen  and  carbon,  the  principles  of  a 
great  number  of  complicated  compofitions,  and 
Qiay  even  be  extended  to  phofphorus,  fulphur, 
^nd  the  metals,  which  chemical  analyfis  dif- 
covers  in  many  mineral  or  foflil  compounds. 

Article  II. 

Concerning  Light, 

1.  LIGHT  being  the  firft  body,  of  which  tlie 

pix>perties  are  to  be  examined,  muft  alfo  be  that 

®^  which  the  hiftory  fhould  apparently  be  the 

^oft  concife ;  becaufe  the  chemical  properties 

themfelves  being  merely  the  refult  of  the  inti- 

tttate  adion  of,  at  leaft,  two  bodies  upon  each 

.  other, 
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other,  and  no  one  body  having  been  dther  dc* 
fcribed  or  examined,  previous  to  the  objeft  of 
our  prefent  obfervations,  there  can  y6t  be  no 
theans,  or  agent,  or  re*a6ling  fubftance,  firotti 
which  we  can.  derive  the  qharafter  of  this  prin-^ 
ciple. 

^S.  Never thelefs,  befides  fotne  of  its  phyfical 
properties,  of  which  we  muft  give  a  fketch  ii| 
this  place,  it  is  neceffary  to  take  a  general  view 
of  light,  not  only  as  to  its  influence  iipon  cer-?- 
tain  individual  bodies,  but  alfo  upon  the  whole 
(&f  natural  fubftances,  in  order  that  we  may  6bf 
tain  a  proper  notion  of  its  general  or  univerfa{f 
dftion,  ^nd  defcribe  certain  conftant  effefts, 
which  may  fery e  as  ^  charaftefs  to  cftimate  it$ 
power  anfd  diftin6Hve  qualities. 

3.  Two  opinions  are  maintained  by  natural? 
ills  and  philofophers  refpeftiiig  the  origin  of 
light.  Some,  with  Newton,  derive  its  origin 
from  the  fun  and  the  fixed  ftars,  without  em- 
barraffing  themfelves  to  explain  how  it  happeni 
that  this  luminary  is  not  exh^ufted ;  becaufe 
they  account  for  this  by  the  extreme  fubtilty 
of  the  luminous  fluid ;  others,  with  Defcartes 
and  Euler,  place  its  exiftence  in  a  fluid,  called 
the  ether,  a  thoufand  times  rarer,  at  leaft,  than 
air,  which  they  place  in  the  immenfity  of  fpace, 
and  to  which  the  extreme  celerity  of  the  mo- 
tion  of  the  fun  and  the  ftars  communidates  the 
rapidity  of  its  progrefs. 

4.  In  either  hypothefis  a  fluid  is  admitted ; 
but  when  we  confider  the  effeft  of  light  upon 

our 
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our  eyes  merely  as  the  produft  of  the  concuflion 
Of  undulation  of  this   rare  fluid,    like  found 
idiich  confifts  only  in  the  vibrations  communi- 
cated to  the  ear  by  fonorous  bodies,  put  in  mo* 
tion  according  to   the  fecond   hypothefis  of 
Euler,  we  manifeftly  tlepart  from  the  phemical 
fefts,  already  admitted  refpefting  light,  which 
proves  that  it  a6ts  like  a  body,    and  that  it 
obeys  the  force  of  attraction. 
:  5.  Ih  the  exhibition  of  the  properties  of  light, 
befides  the  beauty   of  the   brilliant  fpedacle 
which  it  prefents  to  our  eyes,  in  the  experi- 
ments to  which  natural  philofophers  fubje6l  it ; 
every  refult^   concerning  the  lingular  rkrity  of 
&I&  body,  £eemd  to  be  miraculous,  as  well  as 
the  inconceivable  velocity  with  which  it  is^  ani- 
mated, a«id  the  changes  it  produces  in  moft  of 
Aa  fubftaftces  on  which  it  impinges,  or  through 
which  it  paffes. 

§4  The  prodigious  velocity  of  lights  calcu- 
lated hy  Oeometers,  is  fiich,  a5  that  it  pafles 
tidrotigh  forty  thoufand  myriameters,  or  eighty 
thoufand  leagues  per  fecond ;  a  fwiftnefs  which 
Wan  <^an  fcarcely  conceive,  becaufe  there  is  no 
<>flicr  velocity  to  which  it  can  be  applied  in  the 
^iy»of  comparifon.  Sound  paffes  through  more 
thtei  three  hundred  and  twenty-five  metres  in  a 
fecond,  and  the  velocity  of  light  is,  according 
to  Euter^  nine  hundred  thoufand  times  more 
fvHft  It  arrives  to  us  from  the  fun  in  eight 
nifinutes,  and,  neverthelels,  according  to  feme 
Gcimieters,  light,  from  its  departure  from  the 

neareft 
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neareft  of  the  fixed  ftars,  which  is,  in  truth,  at 
leaft  four  hundred  thoufand  times  more  remote 
than  the  fun,  is  near  fix  years  in  its  progrefs  to 
our  eyes ;  fo  that  a  ftar  placed  at  that  diftance, 
would  be  fi;ill  vifible  for  fix  years  after  its  de*- 
fl:ru6tion,  fuppofing  that  procefs  to  take  place. 
How  grand  and  fublime  are  the  meditations, 
fuggefted  by  this  objeft,  on  the  immenfity  of 
fpace,  the  boundlefs  extent  of  the  uni verfe,  the 
'  vaft  number  of  globes  which  traverfe  through 
it,  and  the  duration  of  time  wliich  they  meafurc 
in  their  filent  march  ! 

7.  Light,  on  its  arrival  or  incidence  upon 
our  globe,  is  inflcfted,  and  approaches  to  the 
perpendicular  of  the  plane  of  the  body  it  paiTes 
through,  when  it  is  received  in  a  deafer  medium 
from  one  which  is  more  rare,  In  this  manner 
it  is  that  light  is  condenfed  by  Lenfes ;  the 
phenomenon  itfelf  being  known  under  the  name 
of  refraftion,  The  fa6l  itfelf  proves  that  light 
is  ponderous,  or  is  attracted  by  bodies,  though 
we  have  no  balance  fo  accurate  as  to  detennine 
its  weight.  / 

*  8,  It  pafles  through  certain  bodies,  denomir 
nated  tranfparent,  and  undergoes  a  refraftion 
which  is  proportioned  to  the  denfity  of  thofe 
bodies,  if  they  be  incombufl:ible,  or  the  com- 
pound ratio  of  their  denfity  and  combuftibility, 
if  they  be  combufl:ible.  It  was,  by  the  meafure 
of  this  refradive  force  that  Newton  conje6lured, 
long  before  the  experimental  difcoveries  of  che- 
piiftry,  that  the  diamond  is  a  combuftible  body, 

and 
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and  tliat  water  contained  a  principle  of  inOam"* 
inability. 

9.  It  is  flopped  by  the  furface  of  opaque  bo- 
dies, and  when  reflefted  by  that  furface,  it 
moves  again  in  a  direction  contrary  to  its  firft 
motion,  or  returns  in  an  angle  nearly  equal  to 
that  of  its  incidence.  Hence  it  is  concluded 
to  be  the  «moft  elaftic  fubftance  in  nature. 

10.  Thevifibility  of  all  bodies,  and  the  fpe6la- 
cle  which  the  univerfe  offers  to  man,  not  only 
depend  on  this  motion  of  light  from  their  fur- 
face, and  its  intromiifioji  in  our  eyes,  where  it 
{onus  the  image  of  obje6ls  on  the .  retina,  fo  as 
to  infonn  us  of  their  exiftence,  their  figure, 
and  their  relative  diftance;  but  it  is  alibth& 
caufe  of  thofe  colours  with  which  it  truly  paints 
all  the  bodies  which  are  the  fubjett  of  the 
£iculty  of  vifion, 

11.  When  light  paffes  through  tranfparent 

and  denfe  bodies,  it  is  fcattered  or  divided  into 

*  great  number  of  coloured  rays,  of  various 

tinges,  which  are  particularly  j^ferrcd  to  feveu 

Colours,    called  primitive,    and  placed  in  the 

4<)llowing  ord^r,  from  the  lower  to  the  upper 

©^Ktreinity  of  the  folar  fpe6lrum  j  that  is  to  fay, 

^lie  whole  of  the  coloured  ranges  which  are 

^>onned   by  the  light  received  in  a  darkened 

clamber,  after  its  paflage  through  a  glafg  prifm, 

^nd  projected  on  a  white  paper  or  other  fub- 

ftance.     Thefe  feven  ranges  are  the  red,  orapge, 

yellow,  green,  blue,  indigo,  and  violet 

12.  Poe3 


ftate.  Fpr,  not  to  mention  the  example  of 
thofe  animals  which  eagerly  court  the  prefencc 
of  this  enlivening  luminary,  it  is  known  that 
men,  long  kept  confined  in  clofe  and  obfcure 
places,  languifh,  become  weak,  lofe  their  co-^ 
lour,  their  aftivity,  their  vital  energy,  and  that 
their  abforbent  fyftem  becomes  loaded  with 
fluids,  which  the  white  veffels  can  no  longer 
move  with  fufficient  celerity. 

22.  We  do  not,  in  this  place,  attempt  to  de- 
termine, what  is  the  theory  of  the  action  exer- 
cifed  by  light  on  fuch  minerals  as  it  unburns^ 
and  alters  their  colour  and  their  nature;  on 
4hofe  vegetables  in  which  it  produces  the  green 
colour,  the  oil  and  the  refins,  or  on  aninials 
of  which  it  enlivens  and  fupports  the  exiftence. 
This  will  be  the  fubje6l  of  fe veral  articles  in  the 
following  feftions.  In  the  prefent,  we  have 
endeavoured  only  to  exhibit  a  general  proof  of 
the  chemical  influence  exercifed  by  light,  and 
the  attra6lions  of  compofition  to  which  it  is 
obedient.  It  is  evident,  that  there  cannot  be 
the  fm^ltefl:  doubt  on  this  fubjeft,  after  what 
has  been  faid.  It  is  not,  therefore,  poflible  to 
think  with  Euler,  that  light  confifts,  like  found, 
in  the  mere  vibrations  of  the  ether,  produced  by 
the  n^otion  of  the  fun  and  the  fixed  ftars ;  for 
we  might  in  vain  attempt  to  produce,  by  meaii» 
of  found,  chemical  fa6ts  analogous  to  thole 
which  owe  their  origin  tQ  light. 


Article:. 
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Article  III. 

Of  Caloric. 

1.  THE  matter  which  produces  he^it,  and  is 
named  caloric  by  chemifts,  is,  with  light,  the 
moft  abundantly  diffiifed  of  all  bodies  through 
the  univerfal  fpace.  It  muft  confequently  a6l  a 
very  important  part  in  the  phenomena  of  the 
world.  Philofophers  have  accordingly  con- 
fidered  it  iji  all  ages  under  the  name*  of  fire, 
heat;  and  matter  of  heat,  as  the  fubje6l  of  their 
moft  profound  and  fublime  meditations.  They 
have  confidered  it,  as  it  were,  the  foul  of  the 
univerfe,  the  firft  mover  of  a  numerous  progref- 
fion  of  events,  the  general  fource  of  all  motion, 
fluidity,  elafticity,  and  even  life  itfelf.  With- 
out this  principle,  according  to  them,  inert  re- 
pofe  and  death  would  pervade  the  fcene  of  the 
world*  And  it  is  for  reafons  of  this  kind  that 
I  have  placed  it  the  fecoud  among  natural  bo- 
dices in  tlie  order  I  have  adopted. 

2.  It  is  well  known  that  the  word  heat,  de- 
notes the  fenfation  produced  by  a  certain  par- 
ticular body ;  that  thi^  temi  can  give  only  a 
vague  and  indeterminate  idea,  becaufe  there  is 
nothing  which  varies  fo  much  as  our  fenfations ; 
but  that,  neverthelefs,  it  is  agreed  by  all,  that 
the  abundance  of  the  calorific  principle  applied 
or  accumulated  in  our  bodies,  excites  the  feriifa- 

tion 
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tion  of  heat,  while  the  diminution  or  fubftfac-^ 
tion  of  the  fame  principle  is  attended  with  that 
of  cold.  It  is  this  principle,  fufceptible  of  in-* 
creafe  and  diminution  in  bodies,  which  is  de- 
noted by  the  term  caloric. 

3.  Philofophers  and  naturalifts  have  enter- 
tained two  opinions  refpeding  the  caufe  of  heat. 
Some  have  confidered  it  merely  as  the  confe- 
quence  of  motion  excited  among  the  particles 
of  bodies ;  while  others  have  attributed  it  to  a' 
felf-exiftent  body  ;  and  cbemifts,  who  ftudy  its 
progrefs,  determine  to  a  certain  point  its  quan* 
tity,  or  at  leaft  its  proportion  in  different  fyf-* 
terns  of  bodies  compared  together,  and  even 
eftimate  its  various  attradions,  have  a  thou- 
fand  means  of  accumulating  the  proofs  of  the 
fecond  opinion.  It  is  to  them  that  the  term 
xraloric  owes  its  origin,  which  they  have  adopt- 
ed to  diftinguifli  the  body  that  produces  the 
fenlation,  from  the  fenfation  itfelf  or  the  heat 
excited. 

4.  In  natural  philofophy  the  properties  of 
caloric  are  examined,  and  its  prefence  iliown 
by  the  feparation  of  the  particles  of  all  bodies^ 
which  it  produces  by  infmuating  itfelf  between 
them ;  it  is  proved  that  it  penetrates. all  bodieSi 
none  o^  which  can  oppofe  any  obftacle  to  its 
reception ;  that,  in  conunon  with  all  other 
fluids,  it  tends  to  an  equilibrium  or  level;  that  it 
dilates  Iblids,  and  rarefies  liquids ;  that  the  dila- 
tation of  the  former,  thusefle6led,  produces  their 
liquefaftion ;  that  the   rarefadion   of  the  fe* 

cond 
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tond  terminates  in  the  ftate  of  elaftic  fluidity  j 
that  in  whatever  quantity  it  is  accumulated  in 
bodies,  it  does  not  add  to  their  abfolute  weight ; 
that  it  diminiihes  th^ir  fpecific  gravity  by  add- 
^  ^ng  to  their  volume,  and  that  we  can,  to  a  cer- 
tain point,  exhibit  or  exprefs  the  quantity  of 
caloric  by  the  meafure  of  the  expanfion,  or  di- 
latation which  folids  or  liquids  undergo.     This 
lafl;  method  conftitutes  pyrometry  and  thermo- 
inetry,   the   inftruments    of  which  are  called 
pyrometers  and  thermometers. 

^.  The  notions  of  chemifts  refpefting  this 
firil  quality  of  caloric  are,  in  fome  refpefts, 
J^ore  accurate  and  pofiti ve;  its  dilating  or  rarefy-  • 
i^ig  aftipn  is  confidered  as  the  effeft  of  attra6Hon 
or  a  true  combination.  It  is  obferved,  that 
caloric,  in  proportion  as  it  penetrates  and  di- 
'l3.t^s  bodies,  does  really  combine  with  them, 
^ore  particularly  when  it  caufes,them  to  change 
*heir  ftate :  that  is  to  fay,  when  it  caufes  them 
to  pafs  from  the  folid  to  the  liquid  ftate,  or  from 
the  liquid  to  the  elaftic  ftate : — that  in  this  man- 
ner during  the  fufion  of  folids,  thefe  remain 
^Onftantly  at  the  fame  temperature,  or  in  the 
ft^te  of  heat  they  had  acquired  before  their 
ft^lion,  until  they  are  rendered  completely  fluid; 
■'■^that  from  this  ftate  after  the  firft  rapid  fonna- 
"^On  of  vapours,  liquids  do  not  continue  to  ac- 
^Viixe  heat, as  long  as  any  portion  remains  in 
the  ftate  of  liquidity; — that  this  ftationary 
^^laiperature  is  owing  to  the  caloric  introduced 
^txd  accumulated  in  bodies  where  it  becomes 
Vol.  I.  M  really 
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Really  fixed,  and  combines  in  fuch  a  manner  as^ 
not  to  affume  the  form  or  ftate  of  heat  nntiJ 
thofe  bodies,  being  faturated,  become  merely 
traverfed  by  the  caloric  which  is  then  added, 
a:nd'  pafles  forth  in  the  form  of  heat. 

6.  Cheihilts  have  the  fame  notions  refpefting^ 
the  condu^ling  property  of  bodies  with  regard 
to  caloric  ;  that  is  to  fay,  the  fpeed  with  which 
certain  bodies  are  penetrated  by  caloric,  or  be- 
come hot,  or  the  flowncfs  with  which  it  paffes 
through  certain  others  that  employ  a  longer 
time  to  have  their  temperature  raifed.  Admit- 
ting  that  tlie  former,  as  good  conduftors  of  ca- 
loric, receive  this  principle  much  more  readily  be-, 
twccn  their  particles  and  that  they  retain  it  much 
lefs  powerfully  than  the  latter,  they  attribute 
this  cfFe6l  to  their  chemical  attraftions,  and,  in? 
fact,  the  conducing  pinoperty  appears  to  follow 
the  ratio  of  the  mutabilities  of  the  bodies  by 
heat ;  fo  that  a  cylinder  of  charcoal,  which  may 
be  held  between  the  finsjers  at  a  fmall  diftance 
fVom  an  ignited  part  without  burning  them,  i^ 
fcarcc  ly  at  all  dilatable,  nor  fufible,  nor  vola- 
tile ;  and  a  cylinder  of  metal  which  becomes. 
fpeed  Ily  heated  in  its  whole  length,  dilates 
much,  is  fufible,  and  rifes  by  the  continued  ac- 
tion of  fire. . 

7.  It  is  not  in  the  dired  ratio  of  the  rarity 
of  bodies,  or  the  inverfe  of  their  dehfity  that 
bodies  are  dilatable  by  caloric  as  philofophers 
have^  long  imagined.  Since  accurate  experi- 
ments have  been  made  on  the  dilatability  of 

folids^ 
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folids,  the  rarefaftion  of  liquids^  and  the  expan^ 
fion  of  gafes  by  caloric  ;  fince  the  nature,  the 
fabrication,  the  true  properties,  and  the  ufe  of 
thetmometers  have  been  better  known,  it  is  ad- 
mitted that  this  augmentation  of  volume  in  bo- 
dies by  caloric,  depends  on  the  attraftion  they 
have  for  it,  and  the  kind  of  alteration  it  is  capa- 
ble of  producing  in  them.  So  that  a  metal  as 
a  fufible  fubftance,  is  more  dilatable  than  a  ftone 
which  islefs  fuiible  or  altogether  infufible ;  and 
alcohol,  which  is  liquid,  inflammable  and  very 
Volatile^  is  more  rarefiable  than  water  which  has 
niuch  lefs  volatility^ 

8.  It  has  been  difcovered  by  modern  expe- 
riments, thatj  in  order  to  heat  different  bodies 
to  the  fame  degree,  it  is  neceflary  to  accumu- 
late in  each  of  them  different  quantities  of  ca- 
loric, orj  which  is  the  fame  thing,  thatthefe  dif- 
ferent bodies  elevated  to  the  fame  temperature, 
do  not  contain  the   fame  quantity  of  caloric* 
So  that  thermometers  do  not  really  indicate  the 
true  proportion  of  this  principle  in  bodies,  as  has 
long  been  imagined*     Thus  the  property,  which 
We  call  the  temperature  of  bodies,  does   not 
feew  the  meafure  of  their  caloric,   but  merely 
the  degree  of  dilatation,  which  the  caloric  they 
contain  in  a  difengaged  ftate  is  capable  of  pro- 
ducing in  the  folid   or  liquid,    of  which  the 
thermometers  are  formed. 

9.  In  order  to  form  a  true  conception  of  this 
.  important  property  of  bodies  with'  regard  to 

caloric,  we  muft  diftinguiih  this  laft  in  two 

Ms  ftates. 
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ftates.  The  one,  in  which  it  is  at  liberty,  con- 
ftituting  what  we  call  heat,  penetrating^  bodies 
m  faft,  but  merely  paffing  through  them  with? 
greater  or  lefs  velocity  according  to  its  accu- 
mulation, to  fuch  other  neighbouring  bodies  as* 
contain  a  lefs  quantity,^  The  other  ftate  in 
which  it  is  combined,  concealed,  orlatent,  with- 
out  exhibiting  its  prefence  by  the  thermometer^ 
When  any  body  whatever  is  expofed  to  caloric^ 
it  is  either  capable  of  combining  with  it  in  dif- 
ferent proportions,  or  it  is^  not.  Bodies  of  the 
i5rft  kind  being  much  more  numerous  than  the 
fecond,  as  foon  as  moft  of  threm  are  heated,  tlie 
caloric  which  penetrates  and  dilates  them  com- 
bines in  a  greater  or  lefs*  quantity  with  their 
partietes,  a  poFtidn  always  remaining  at  liberty, 
while  another  becomes  latent;  fo  that  as  thefe 
two  portions  conftantly  vary  in  their  relative 
magnitudes  according  to  the  different  nature 
of  bodies,  it  follows  that  there  muft  be  a  cor- 
refponding^  difference  between  the  rife  of  the 
thermometer  and  the  true  quantity  of  caloric 
contained  in  bodies. 

10.  Attempts  have  been  made  to  explain  this 
property,  by  fuppofing  that  the  particles  of 
caloric,  which  are  interpofed  between  thofe  of 
bodicSy  or  among  their  pores,  find  thofe  pore* 
more  or  lefs  numerous,  and  of  different  inagni- 
tudes.  So  that  by  confidering  this  int rod uftion 
of  caloric  with  refpecl  to  bodies,  as  fefembling 
the  contents  of  a  vefTel  with  regard  to  fluids 
with  which  it  may  be  filled,,  the  property  of  con- 
taining 
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laining  more  or  lefs  of  caloric,  and  of  requiring 
different  quantities  to  arrive  at  the  fame  cle- 
vatiou  of  temperature,  has  been  termed  capacity 
for  heat  or  caloric.  This  is  the  fimple  idei 
given  by  Lavoifier  in  his  treatife  of  chemiftry. 

1  ] .  But  if  the  capacity  of  bodies  for  caloric 
were  fimply  the  meafure  of  their  contents  and 
depended  only  on  the  number  and  magni- 
tude of  their  pores,  it  -w^oukl  neceffarily  fol- 
low that  their  lightnefs  with  refpe.6t  to  each 
other  would  be  a  certain  iiKlication  of  this  ca- 
pacity. But  nothing  would  be  more  falfe  than 
this  eftimate ;  for  there  are  many  bodies  known 
in  chemiftry  >vhich,  though  folid,  contain  more 
Specific  heat  than  certain  elaftic  fluids* 

12.  Every  faS:,  on  the  contrary,  announces 
that  this  capacity  is  the  refult  of  a  chemical 
force  of  the  attra6i:ion  of  the  particles  of  calorie 
to  the  particles  of  diilerent  bodies,  and  of  the 
change  which  thefe  two  kinds  of  particles  un- 
dergo, by  their  approach  and  mutual  condcnfa- 
tion  to  a  greater  or  lefs  degree  according  to 
their  relative  attraftion.  When  caloric  is  in- 
troduced into  a  body,  its  firft  effe6l  is  to  in- 
creafe  the  diftance  between  its  particles,  becaufe 
its  own  pa^rticles  lodge  themfelves  between  thofe 
of  the  body  itfelf,  and  enlarge,  by  their  elafti- 
city,  the  fpaces  which  fepaj-ate  them;  but 
ipeedily  as  they  accumulate  Jhey  undergo  a 
compreffion,  -which  is  greater  in  proportion  to 
the  attraftiou  exifting  between  the  particles  of 
bodies  and  thofe  of  caloric.  The  accumulablc 
quantity  is,  therefore,  according  to  the  ratio  of 

its 
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its  attra6iion  for  the  particles  among  which  it 
penetrates  ;  and  the  capacity  for  caloric  in  bo^ 
dies  is  nothing  more  than  an  expreffion  denot? 
ing  their  attra6lion  for  that  principle. 

13.  This  effe6l  of  the  feparation  of  the  parti- 
cles of  bodies  by  caloric,  and  the  corapreffion 
of  the  proper  particles  of  caloric  between  thofe 
of  the  bodies  in  which  it  is  accumulated,  an-r 
Bounce  a.great  elafticity  and  fpring  in  thofe 
laft  particles.  Natural  philofophers  and  mo- 
.dern  chemifts,  therefore,  confider  caloric  as  the 
moft  elaftic,  the  moft  compreffible,  and  the  moft 
dilatable  fubftance  in  nature ;  and  accordingly, 
they  avail  themfelves  of  this  property  to  explain 
the  elafticity,  the  compreffibility,  and  the  fpring 
pommunicated  in  fo  high  a  degree  to  all  bodiei^ 
by  the  accumulation  of  this  principle. 

14.  As  the  capacity  for  caloric  varies  in  difr 
ferent  bodies,  and  as  from  this  circumftance 
each  body,  though  elevated  to  the  common 
temperature,  contains  a  different  quantity  of 
caloric,  the  ratios  of  thefe  quantities  have  been 
denominated  fpecific  heats.  Thefe  fpecific  heats; 
are  meafured,  1.  By  mixing,  after  the  .method 
of  Crawford,  two  bodies  in  the  fame  fl^te,  that 
is  to  fay,  both  fplid  or  both  liquid,  after  having 
heated  them  to  different  temperatures^  and  tak- 
ing notice  of  the  temperature  they  acquire  by 
mutual  communication.  The  differences  be- 
tween this  temperature  acquired  by  the  mixture, 
and  that  M^hich  each  of  the  bodies  had  before 
their  contaft,  give  the  ratio  of  their  capacities. 

But 
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liut  it  is  neceffary,  in  order  to  juftify  this  calcu- 
ktion,  that  the  bodies  thenifelvcs  fliould  ii(xt 
a6i;  chemically  upon  each  other,  and  it  is  alfo 
neceffary  to  prevent  a  portion  of  their  caloric 
from  being  carried  off  by  the  veffels  in  which 
^e  experiment  is  made  ;  whence  it  follows  that 
^liis  method  is  often  deceptive  and  very  fre- 
i^uently  impra6licable.  2.  The  procefs  of  La 
lace  and  Lavoifier  is  much  more  ufefuL  It 
cnjfifts  in  heating  different  bodies  to  the  fame 
egree  af  the  theniiometer  and  afterwards  plung- 
xig  them  in  an  ihftrument  which  may  be  ima- 
j'ined  to  be  an  hollow  ball  of  ice,  or  folid  water, 
^^v^here  they  are  to  be  kept  until  they  have  ac- 
'''Quired  the  temperature  of  Zero;  and  an  account 
.^55  to  be  kept  of  the  quantity  of  ice,  which  eacb 
f  them  has  caufed  to  become  fluid  in  order 
aiT'ive  at  this  ftandard  temperature.  The 
Liftrument  ufed  in  this  excellent  operation  is 
ailed  the  calorimeter. 
15.  By  multiplying  experiments  with  the  ca- 
orimeter,  modern  chemifts  have  afcertained^ 
lat  bodies  vary  in  their  capacity  for  caloric, 
»y  changing  their  ftate,  that  is  to  fay,  by 
►affmg  from  the  folid  to  the  liquid  Jlate,  and 
^om  this  laft  to  the  ftate  of  gas«  Hence  it  is, 
'%;.liat  two  equal  portions  of  tiie  fame  hody, 
Xii  the  fame  ftate,  two  he6l;ograms,  for  example^ 
of  liquid  water,  unequally  heated,  the  one,  foj 
\iiftance,  to  30  degrees  of  the  thermometer^ 
and  the  otlier  to  ten,  acquire,  when  accurately 
mixed,  the  mean  temperature  between  both, 
Ihatib  to  fay,  20  degrees;  whereas,  equal  quan- 
tities 
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titles  of  the  fame  body,  in  two  different  ftatcs, 
tlie  one  folid  and  the  other  liquid,  heated  un- 
equally, do  indicate,  by  the  common  tempera- 
ture, after  their  mixture,  a  deviation  from  this 
law.  Thus,  one  he6togram  of  ice  (or  water 
frozen  to  the  temperature  of  Zero)  and  one  hec- 
togram of  liquid  water,  at  60  degrees,  indicate 
by  their  mixture,  the  temperature  of  Zero, 
or  0°. 

1 6.  Every  portion  of  caloric,  which  being  at 
liberty  and  imparting  heat,  is  found  to  difappear 
in  combination,  and  no  longer  to  afford  the  fame 
temperature  as  in  the  laft  refult  mentioned  in 
the  preceding  paragraph,  does  itfelf  enter  into 
combination,  lofes  its  charaSer  and  property, 
no4onger  paffes  through  other  bodies,  nor  raifes 
the  thermometer,  but  has  paffed  from  a  ftate  of 
liberty  or  difengagement  to  a  ftate  of  compofi- 
tion.  This  caloric  is  become  latent,  according 
to  the  happy  expreffion  of  Black.  It  may  be 
meafured  as  in  its  other  ftate,  but  by  proceffes 
more  complicated  and  lefs  immediate.  It  is 
announced  by  the  diminution  of  temperature 
or  exhibition  of  cold,  which  accompanies  all 
the  combinations  in  which  caloric  is  in  this 
manner  engaged. 

17.  AH  caloric,  which  from  a  combined  or 
latent  ftate,  paffes  to  the  ftate  of  free  caloric, 
fenfibie  to  the  thermometer,  and  meafurable  by 
the  quantity  of  ice  it  may  fufe,  is  the  produS; 
of  the  deftruclion  of  a  former  combination,  qr 
qf  the  change  of  chemical  ftate  jn  bodies ;  and 

this 
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tliis  difengagement  ought  to  be  reckoned 
among  the  produ6ls,  and  an.  exa6l  account 
taken  of  it  in  chemical,  experiments,  and  its 
proportion  accurately  afcertained  by  the  pro- 
cefs  of  the  calorimeter. 

18.  By  noting  exaftly  the  proportion  of  ca- 
loric which  difappears,  or  combines,  and  that 
which  is  difengaged  and  exhibited  in  combi- 
nations, and  by  comparing  them  together,  in  a 
great  number  of  different  operations,  three  re* 
Hxlts  have  been  obtained,  which  are  equally  im- 
portant in   chemical  theory.     A.  Caloric,  like 
^11  other  bodies,  obeys  the  conftant  laws  of  the 
M:tra6lion  of  compofition,  and  has  for  different  - 
bodies  different  degriees  of  relative  attra6lion. 
B.  Bodies  in  combination  change  their  capacity 
ft>T  caloric;  that  is  to  fay,  after  their  combi- 
*^a,tion  they  contain  different  quantities  of  ca- 
loric,   fometimes  greater  and    fometimes   lefs 
*^llan  they  poffeffed  before  that  change.     C.  In 
^Very  cafe,  when  in  the  change  of  ftate  of  bo- 
dies, or  their  entering  into  combination,  there 
.^^  a  diminution  of  free  heat  or  abforption  of  ca- 
^c^ric,  the  quantity  diminiihed  or  abforbed,  will 
^gain  appear  without  lofs,   when  thofe  bodies 
^Jxall  recover  their  former  ftate,   or  when  the 
"^^mbinations   fhall  be  deftroyed';'  and  on  the 
Contrary,    whenever  in  a  change  of  ftate  or' 
Combination  there  is  an  increafe  of  heat  or  dif- 
^ngagement  of  caloric,  this  heat  will  difappear, 
Or  the  caloric  will  be  abforbed,  as  foon  as  the 
fubftances  Ihall  return  to  their  firft  ftate.     By 
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gieneralizing  this  refult,  Lavoifier  and  La  Placp, 
to  whofe  labours  it  is  due,  exprefs  themfelves 
thus:  Ail  the  variations  of  heat,  which  a  fyftem 
of  bodies  undergo  in  changing  their  ftate,  are 
produced  in  an  inverfe  order,  when  the  fyftem 
returns  to  its  firft  condition, 

19.  The  whole  of  tlie  preceding  obfervations 
prove  that  caloric  is  not  a  fimple  modification 
of  matter,  that  it  does  not  confift,  as  fome  phi- 
lofophers  have  thought,  in  a  more  or  lefs  rapid 
motion  of  the  particles  of  bodies,  but  that  it 
exifts  as  a  peculiar  body  not  ponderable,  very 
telaftic,  very  compreffible,  dilatable,  fubjeft  to 
the  attra6lion  of  compofition ;  inceffantly  en- 
tering into  combinations,  or  feparating  itfelf  in 
others;  faturating  bodies  after  its  own  manner; 
changing  their  ftate  and  their  properties  ;  not 
putting  itfelf  into  equilibrium,  except  in  bodies 
which  are  already  fatutated;  changing  their 
dimenfions  and  volume  inceflxintly ;  itfelf  pof- 
fefling  very  variable  degrees  of  motion  or  velo- 
city, according  to  the  impreffions  it  receives, 
and  the  attraftion  by  which  it  is  inceffantly 
agitated ;  difperfed  through  fpace  with  an  im- 
menfe  liberality  by  nature,  and  performing  an 
important  part  iji  every  kind  of  phenome- 
non. 

20.  When  caloric  is  in  a  certain  refpe6l  de- 
veloped by  friftior",  fo  as  to  excite  a  ftrong  de- 
jgree  of  heat,  as  is  obferved  in  ftones,  in  metals, 
and  in  the  woody  fibres ;  the  phenomenon  con- 
fifts  in  a  rapid  njotion,  commjunicated  to  it, 

■u'hich 
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idiich  is  the  confequence  of  its  fpring  being 

put  into  a6lion  by  preffure.    An  idea  which  has 

been  given,   by  comparing  the  emiffion  of  this 

body  to  Avater,  preffed  out  of  a  fponge,  is  very 

Temote  from  the  real  fa6l,   on  account  of  tlie 

incompreffibiUty  of  the  water,   whipji  in  that 

cafe,  is  the  caufc  of  its  efflux  during  the  com-r 

preffion  of  the  fponge ;  whereas,  in  the  other 

cafe,  the  caloric  itfelf,  which  being  many  milr 

lions  of  times  more  comprefTible  than  the  fponge, 

^■ecovers  itfelf  fpeedily,  by  its  fpring,  and  iffues 

o\xt  of  bodies,  of  which  the  particles  being  ii|- 

x^onfiderable,  when  compared  with  its  own,  imi^ 

tate  rather  the  water  contained  in  the  fponge 

tlian  the  fponge  itfelf. 

21.  It  .is  not  neceffary,  in  order  to  form  a 
J>roper  conception  of  the  properties  of  caloric, 
that  we  fhould  fuppofe  a  repuliive  force,  which 
Ibme  modem  philofophers  have  imagined,  uns- 
iefs  the  adoption  of  this  force  fliould  be  confir 
clered  as  denoting  the  incalculable  fpring,  which 
craloric  pofTefTes.     But  it  is  more  ufeful  to  ati- 
Ifcend  to  its  proper  nature,  and  to  inquire  whe- 
ther it  differs  from  all  other  known  bodies,  or 
refenr^bles  fonie  of  them ;  that  is  to  fay,  in  s^ 
"Hvord,  to  fix,  with  precifion,  Avhat  it  is  we  know 
lof  the   intimate  nature    of  caloric,    without 
tracing,  in  this  place,  all  the  hypothefes  which 
Jiave  been  imagined  refpecling  this  part  pf  na- 
tural philofophy,  which  has  long  been  fubjed 
to  the  fimple  power  of  the  imagination,  previ-p 
pus  to  the  difcpvery  of  procefles  capable  of  in- 

~  forming 
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forming  the  philofopbical  ATOrld,  und  diflipating 
the  fuppofitious.  which  had  been  univerfally  ad- 
mitted. 

S!2.  As  long  as  the  efFe6is  of  heat  were  con- 
founded under  the  generic  term  of  fire,  name- 
ly, its  r^jjjpfaftion,  its  motion,  its  light,  and 
even  the  ftill  more  remote  or  independent  efFe6ls 
which  belong  to  combuftible  bodies,  in  fome 
inftances  fuppofed  to  contain,  and  in  others, 
to  produce  fire,  it  has  been  conftantly  repre- 
fented,  or  rather  the  imagination  of  philofo- 
phers  have  figured  this  body,  as  compofed  of 
^ery  minute  and  very  moveable  particles  incef- 
fantly  agitated,  and  attacking  all  other  bodies, 
which,  in  a  certain  fenfe,  become  its  prey  and 
its  aliment  ,  But  all  thefe  notions  are  very  far 
from  being  accurately  applicable  to  caloric. 
When  fire  was  imagined  to  be  fixed  or  confined 
in  bodies,  and  in  this  ftate  denominated  phlo- 
gifton  by  Stahl,  a  principle  afterwards  confi- 
dered,  by  Macquer,  as  the  fame  thing  with 
light,  the  error  was  not  lefs  ;  for,  in  mod  cafes, 
caloric  produces  eftefts  entirely  oppofite  to  that 
which  the  partifans  of  Stahl  have  attributed  to 
phlogifton ; — when  weobferve  the  illuftrious  che- 
mifts,  Scheele  and  Bergmann,  attributing  to  heat 
and  light  a  very  compounded  nature,  and  ad- 
mitting, even  in  their  comparative  compofi- 
tion  a  different  proportion  of  the  two  princi- 
ples which  they  thought  they  had  extraded 
-froni  them,  or  with  which  they  imagined  they 
-bad  compofed  thefe  fubftances,  as  I  ihall  have 
.   •■  occafion 
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Occafioti  hereafter  again  to-  remark ; — we  may 
obfervCj  as  Euler  did,  with  regard  to  Newton 
hiinfelf,  on  the  fubje6l  of  the  emiffion  of  light 
from  the  fun,  that  there  is  no  opinion  fo  erro- 
neous, fo  extraordinary,  or  even  fo  abfurd,  but 
is  capable  of  infinuating  itfelf  into  the  reafon^ 
ings  of  the  moft  profound  philofopUcrs  and 
fublimeft  of  men. 

23.  But  the  comparifon,  which  the  more  mo-j 
dern  philofopliers,   and  particularly  my  illuf- 
trious  friend  Monge,  have  eftablifhed  between 
Caloric  and  light,  fo  as  to  confider  thefe  two 
^ftefts  as  the  produ6l  of  modifications  of  the 
ftime  body,  is  entitled  to  much  more  attention; 
Jt  is  eftablifhed  on  a  great  number  of  experi^ 
^ineiits  ;  it^  naturally  and  fimply  explains  njoft 
of  the  phenomena  ;  and  it  agrees  with  the  fubT 
lim^  economy  of  nature,  which  multiplies  ef*^ 
fe&s  much  more  than  the  bodies  which  pro- 
duce them. 

24.  In  this  opinion,  which  I  muft  neverthelefs^ 
'With  its  original  author,'  prefent  as  an  hypothe- 
sis, becaufe  it  is  not  yet  proved,  with  fufficient 

•  X^ri^nefs,  to  be  admitted  among  the  number  of 
J>recife  fafils,  caloric  and  light  are,  as  it  were, 
"*fcwo  ftates  or  modifications  of  the  fame  body^ 
%iamely,  fire  itfelf.  In  the  firft  it  is  more  dir- 
'"Vided,  more  fcattered,  pofleffes  a  flower  motion, 
^rikes  bodies  lefs  forcibly,  moves  them  Math 
"iels  violence,  and  requires  to  be  gradually  ac- 
cumulated, in  order  to  produce  fenfible  cffecb. 
Xn  the  fecond  it  is  more  denfe,  more  aftive, 

more 
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1n9.de  to  appear  in  the  form  of  fenfible  heat 
more  or  lefs  intenfe. 

A  fecond  phenomenon  equally  unexplained 
to  this  time,  is  that  which  Scheele  has  called  ra-* 
diant  heat.  It  is  this  ftrong  and  powerful  heat 
Vhich  is  difengaged  from  a  ftove,  projefted  in 
all  directions  in  rays,  not  defle^ed  by  the  cur- 
rents of  air,  which  does  not  expand  nor  combine 
with  it,  neither  does  it  give  the  vaporous  ftate 
to  water,  but  is  reflefted  by  tranfparent  bodies, 
or  glaffes,  without  being  tranfmitted,  at  leaf^ 
with  any  confiderable  degree  of  rapidity.  We 
here  obferve  caloric  in  a  more  violent  and  more 
rapid  ftate  of  motion  than  conftitutes  ordinary 
heat,  beginning,  as  it  were,  to  affume  the  chara- 
ter  of  light,  and  fufceptible  of  being  reflefted  in 
the  fame  manner  by  polifhed  metallic  plates. 
Hence  Scheele  defcribos  it  as  having  a  certain, 
refemblance  to  light  without  being  luminous, 
and  diftinguilhes  it  carefully  from  heat,  pro- 
perly fo  called,  which  being  combined  with  th$ 
air,  efcapes  with  it  through  the  chimnies  of 
furnaces. 

28.  The  numerous  and  varied  effeSs  of  calo- 
ric  in  the  phenomena  of  nature  are,  in  every  in- 
ftant,  renewed  in  the  proceffes  of  the  arts,  and 
are  more  efpecially  converted  to  advantage  by 
chemifts,  who  make  frequent  ufe  of  them,  to 
appreciate  their  juft  value,  and  know  in  what 
cafes  to  employ  them,  wherein  it  is  neceffary  ta 
determine  precifely,  the  general  and  particular 
mode  of  aftion  of  caloric  on  different  uatur^ 

bodies. 
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bodies.     It  has  already  been  obferved,  that,  by- 
its  interpofition  between  the  integrant  particles 
of  bodies,   caloric  feparates  the  particles  of  fo- 
lids,  and  dilates  them.     This  feparation  cannot 
be  made  without  diminifliing  the  attraftion  of 
thofe  particles,  and  when  the  diminution  has 
taken  place  to  a  certain  point,  the  body  lofes 
its  folidity,  becomes  fluid,  and  the  operations 
called  fufion,  liquefa6lion,  &c.  are  conftituted, 
which  may  be  confidered  as  the  periods  at  which 
by  the  introdu6lion  of  caloric  into  bodies,  its 
expanfive  force  predominates  over  that  of  the 
particles  themfelves  to  the  deftrudion  of  the 
folid  ftate.     We  may  likewife  confider  fufion  as 
a  combination  of  the  folid  with  caloric,  and, 
on  this  account  it  is,   that  while  any  portion  of 
a  folid  remains,  which  requires  the  abforption 
of  caloric  in  order  to  its  fufion,  the  temperature 
or  heat  will  not  increafe,  becaufe  every  addi- 
tional portion  of  caloric   becomes   latent,   in 
Combination  with  the  folid  as  it  approaches  it. 
29.  By  continuing  to  accumulate  caloric  in 
A  hody  already  liquid,  of  which  the  pores  adihit 
^  greater  or  lefs  quantity,  this  compreffed  calo- 
ric combines  more  intimately,    and    perfectly 
^itl)  the  particles  of  bodies  and  continues  to 
•^parate  them,  to  diminifli  their  mutual  attrac- 
•^ion,  and,  at  length,  when  its  proportion  is  be- 
•^ome  confiderable,  it  completely  diffolves  thofe 
particles^  renders  them  invifible,  ami  converts 
tl^m  into  vapour,  by  imparting  to  them  elaftic 
fluidity  or  the  ftate  of  gas.     The  gafes,  of  elaftic 
.;.  yoL.  L  N  fluids^ 
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fluids,  fuch  as  the  air  we  breathe,  may  be  de- 
fined as  folutions  in  caloric,  which  is  the  caufe 
of  their  invifibility,  their  rarity,  compreffibility, 
expanfibility ;  and  thus  it  is  that  chemifts  em- 
;ploy  lieat  to  evaporate,  to  reduce  into  gas,  t6 
fublime,  anci  to  diftil  the  different  fubflances 
with  which  their  operations  require  thefe  pro- 
ceffes  fefpedively  to  be  performed. 

30,  In  the  various  operations  wherein  caloric 
may  be  conlidejed  as  a  true  folvent,  it  exer- 
cifes  an  attraftion  which  is  the  more  powerful 
on  the  fubftances  it  holds  in  folution  ;  the  more 
abundantly  this  principle  is  employed,  and  the 
lafl  particles  of  he^t  which  are  added,  comprefs 
and  more  flrongly  attach  the  former  particles 
\vhich  had  been  introduced.  Hence  it  follows, 
that  the  adherence  which,  in  this  cafe,  is  con- 
trafted  by  the  particles  of  different  bodies  to 
thofe  of  caloric,  proceeds  fo  far  as  to  diminifh 
their  attraction  for  thofe  of  other  bodies,  ^hence 
it  frequently  happens  that  the  gafeous  ftate,. 
communicated  by  caloric,  becoipes  an  obi):acle 
to' the  combination  of  bodies,  and  affords  the 
means  of  feparating  the  principles  of  a  com- 
pound when  brought  into  this  ftate. 

31.  If,  inftead  of  accumulating  caloric  in 
bodies  fo  as  to  convert  them  into  gas,  and  com- 
bining them  intimately  with  the  proper  parti- 
cles of  heat,  the  parts  of  bodies  be  merely  fe-. 
parated,  fo  as  to  diminifli  the  attraftion  of  ag- 
gregation, their  power  of  combining  with  other 
bodies  becomes  increafed  in  the  fam€  propor- 

tioiu 
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tion.  Thus  it  is,  that  the  application  of  heat  is 
frequently  fo  ufeful  in  laboratories,  to  efFe6l 
folutions,  digeftions,  infufions,  and  many  other 
fynthetical  phenomena,  of  which  the  obje6l  is 
to  unite  and  combine  different  bodies  with  each 
other.  Heat,  in  all  thefe  cafes,  afts  by  deftroy- 
ing  the  aggregation  of  bodies. 

52.  Frequently  when  caloric  is  applied  to 
compound  bodies,  it  is  found  that  the  particles 
of  this  agent  havje  a  ftronger  attra6tion  for  fome 
of  the  principles  of  the  compound  than  that 
which  holds  the  principles  united  together.  In 
this  cafe,  the  principles  which  are  fufible,  vola- 
tile, or  capable  of  affuming  the  ftate  of  gas  by 
caloric,  obey  this  particular  attraftion,  and  by 
ieparatihg  themfelves  from  the  others  which 
are  not  capable  of  the  fame  combination  with 
caloric,  they  effefl;  the  decompofition  pf  com- 
pounds. This  procefs  is  very  frequently  feen  in 
evaporation,  fublimation,  roafting,  calcination, 
diftiliation,  &c.  When  a  few  principles  are  thus 
volatilized  feparately,  and  without  combination 
vith  each  other,  by  thus  quitting  other  fixed 
principles  alfo  few  in  number,  which  likewife 
do  not  unite  with  each  other ;  or,  to  ftate  the 
eiFe6i;  more  limply,  when  a  binary  compound  of 
a  fixed  and  volatile  body  is  treated  by  heat,  the 
refult  of  the  operation  is  a  fimple  or  true  de- 
compofition. 

$$.  But  if  the  caloric,  applied  to  a  compli- 
cated compound,  fhould  a6t  very  differently  on 
kf  prnaciples^— if  it  tend  to  volatilize  feveral  at 
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the  fame  time,  and  to  favour  their  union  iii 
another  proportion, and  diiferent  order;  if  it 
even  })erniits  the  fixed  principles  to  re-aft  fepa- 
rately  on  each  other,  fo  as  ultimately,  to  form 
from  an  original  compound  feveral  other  diffe- 
rent compounds,  the  efFe6l  of  heat  is  then  a 
complex  or  falfe  decompofition ; — an  effeft 
which  frequently  takes  place  in  analyfes  by  fine, 
in  deliccations  by  flrong  heat,  in  calcinations 
for  a  length  of  time,  and  in  deflruftive  diftilla- 
tions.  The  fame  caufe  and  the  fame  refult  is 
alfo  obferved  in  thofe  fpontaneous  alterations 
which  take  place  in  vegetable  or  animal  liquids 
in  a  gentle  heat  or  moderate  temperature,  which 
are  known  by  the  names  of  the  vinous,  acid, 
and  putrid  fermentations,  &c.'  We  fee,  there- 
fore, that  the  aftion  of  caloric  more  or  lefs  ac- 
cumulated, is  of  the  greatefl  utility  to  che- 
mifts,  and,  by  varying  its  quantity  and  applica- 
tion, we  obtain  a  great  number  of  different 
eifeSs,  and  that  it  is  with  fome  appearance  of 
reafon  that  chemifts  were  formerly  denominated 
|)hiIofophers  by  lire* 

34.  Having  thus  far  defcribed  a6live  caloric, 
or  heat,  as  the  fource  of  a  great  number  of 
efFe&s,  and  the  means  of  operation  in  many 
chemical  proceffes,  it  will  not  be  diflficult  to 
conclude  from  a  comparifon  of  all  the  efFe6ts> 
that  the  abfcnce  of  caloric,  or  a  fubtfa6lion  of 
that  principle,  muft  oppofe  every  chemiQal  at- 
traction, all  decompofition,  and  alteration  of 
compounds.     Chemifis  accordingly  often  avail 
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tliemfelves  with  much  advantage  of  this  priva- 
tion of  caloric,  in  oixler  to  prevent  the  effect  of 
chemical  aftion;  to  impede  the  too  powerful 
energy  of  folutions,  combinations,  and  decom- 
pofitions ;  to  limit  them  to  certain  degrees,  or 
to  prevent  thofe  fpontaneous  changes  Avhich  do 
not  fail  to  take  place  in  certain  compounds,  if 
they  remain  for  a  time  expofed  to  a  temperature 
fiifficiently  elevated  to  favour  the  mutual  a6tion 
of  their  principles.  By  'thefe  means,  namely, 
by  a  cold  temperature,  vegetable  and  aninial 
fubftances  are  preferved;  and  thus  it  is  that 
the  vicinity  of  an  ice  houfe,  or  a  place  in  which 
the  temperature  is  low  and  fteady,  as  in  certain 
caves  and  cellars,  of  which  the  heat  never  ex- 
ceeds 10  degrees  of  Reaumur,  are  fcarcely  lefs 
ufeful  to  the  chemift  than  a  furnace  at  its  diffe- 
rent degrees  of  heat. 

35.  It  has  eyen  been  difcovered,  within  a  few 
years,  that  a  conliderable  privation  of  caloric  or 
depreffion  of  temperature  beneath  that  of  melt- 
ing ice,  iriodifies  the  eleftive  attractions  fo  con- 
fiderably  that  decompofitions  are  produced  at 
this  temperature,  which  will  not  take  place  at 
another  more  elevated.  This  obfervation  is 
more  efpecially  applicable  to  the  falts,  properly 
fo  called,  which  a6l  upon  each  other  in  a  very 
Angular  manner,  when  their  folutions  are  ex^ 
pofed  to  a  temperature  feveral  degrees  below; 
that  at  which  ice  melts ;  eftefts  which  are  fuf- 
ficiently  remarkable  to  fliow  that  it  will  here- 
after be  neceflary  to  add  new  columns  to  the 

tables 


192  SIMPLE    bodies:— CALORIC. 

tables  of  chemical  attra6lion,  to  reprefent  the 
eifefts  which  take  place  below  the  point  of  con- 
gelation. And  Ave  may  hence  draw  the  in- 
ference, that  chemical  phenomena  are  very  dif- 
ferent in  cold  countries  near  the  poles,  or  in 
cold  feafons,  and  in  hot  countries,  or  in  the 
fpring. 

36.  It  is  no  lefs  evident,  that  we  ought  to 
diftinguilh  with  care,  in  our  defcriptions  of 
chemical  operations,  the  degrees  of  temperature 
under  which  they  are  made,  either  by  applying 
the  thermometer,  or  noting  certain  phenomena, 
from  which  the  temperature  may  be  thennome- 
trically  deduced.  Thus  it  was,  that  the  ancient 
chemifts  diftinguifhed  in  the  proceffes  of  nature 
and  art,  the  degrees  of  heat  below  boiling  wa- 
ter ;  and  accordingly,  above  that  temperature  in 
the  firft  range,  they  admitted  four  degrees.  The 
firft  proceeded  from  congelation  ]  0  degrees ; 
the  fecond  from  10  to  20;  the  third  from  20  to 
30 ;  and  the  fourth  to  45  degrees,  which  was 
called  the  mean  degree  between  freezing  and 
boiling.  To  each  of  thefe  degrees  were  attach- 
ed certain  phenomena,  or  operations  to  which 
they  were  favourable.  The  fuperior  degrees 
not  being  capable  of  indication  by  thermome- 
tric  graduation,  were  denoted  from  certaiii 
known  phenomena  which  take  place  at  higher 
temperatures.  The  firft  degree  above  boiling 
water  was  that  at  which  fulphur  melt%  and  in 
which  vegetable  or  animal  matters  begin  to 
undergo  a  deftruftion  of  their  organic  ftruSure. 

The 
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iThc  fecond  efFe6l  was  the  f ufion  of  foft  metals 
and  the  moft  fufible  alloys.  The  third  liquefied 
metals  of  middling  hardnefs.  And,  the  fourth, 
baked  hard  porcelain,  and  fufed  the  refractory 
metals,  Laftly,  in  a  degree  fuperior  to  all 
thofe  was  placed  the  heat  of  the  burning  lens. 
But  all  thefe  loofe  and  arbitrary  graduations, 
not  being  comparable  with  each  other,  are  aban- 
doned fince  the  invention  of  the  thermometer 
of  Wedgwood,  which  will  be  defcribed  under 
the  article  of  alumine. 


Article  IV. 

Concerning  Oxigen  and  Oxigen  Gas, 

1.  As  the  two  fimple  bodies  which  forni  the 
fubjeft  of  our  laft  inquiry  may  be  confidered  as 
the  great  inftruments  of  ahalyfis  and  fynthefis^ 
in  the  phenomena  of  nature  and  of  art ;  iince, 
though  they  approach  and  are  probably  identi- 
cal in  their  nature,  they  neverthelefs  produce 
very  different  effects  under  each  of  their  modifi- 
cations, and  confequently  require  to  be  treated 
as  if  they  were  really  two  diftinft  bodies ;  fo 
likewife  will  that  fubftance,  which  will  form  the 
fiibje^  of  the  prefeut  article,  though  long  un- 
known to  men,  and  confounded  with  one  pr 
other  of  the  two  preceding,  prove  no  lefs  en- 
titled to  our  attention  than  thofe  bodies,  and 
.affoxd  to  our  art  an  inftrument  and  means  of 

compofition 
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compofition  and  decompofition  no  lefs  impor- 
tant and  neceflary  to  be  known. 

2.  Though  long  concealed  from  chemifts, 
and,  as  it  were,  eluding  the  ancient  methods  of 
analyfis  in  their  poffeffion; — though  it  be  an 
independent  fubftance  very  diftinft  from  every 
other,  it  is  not  eafy  to  give  a  clear  notion  or 
precife  definition  of  this  body,  becaufe  it  cannot 
be  obtained  alone  in  a  ftate  of  great  purity,  but 
is  always  obtained  in  combination.  Never- 
thelefe  it  can  be  weighed,  meafured,  combined, 
difengaged ; — but,  in  all  thefe  cafes,  it  is  always 
connefted  wdth  fome  other  body,  which  forms 
the  fubjeft  of  inquiry:  fo  that  we  may  affirm 
that  its  moft  permanent  characler  is,  that  it 
poffeffes  a  very  ftrong  attraclion,  and  is  itfelf 
attracted  with  great  force.  We  are,  therefore, 
obliged  to  confider  it  at  iirft  as  an  abftrad 
being,  or  metaphyfical  entity,  when  we  wifh  to 
avoid  fpeaking  of  its  combinations.  It  mull 
be  contemplated  as  one  of  the  moft  frequent  and 
abundant  principles  afforded  in  the  analyfes  of 
chemifts  ;  at  the  fame  time,  that  we  muft  care- 
fully diftinguifli  it  from  what  was  defignated 
by  the  term  principle  in  the  ancient  chemiftry ; 
in  w^hich,  this  name  was  applied  ta  feveral  ima- 
ginary  beings. 

3.  The  term  oxigen,  fignifies  that  which  pro- 
duces or  generates  acids.  This  is,  in  fa6^,  one 
of  the  moft  chara^leriftic  properties  of  this  body, 
difcovered  in  Auguft  I774  by  Prieftlcy.  It  was 
at  firft  called  dephlogifticated  air,  and  was  d\:er- 

wards 


SIMPLE    bodies: — OXIGEN.  IgS 

wards fucceffively  known  by  'li.  :•;  r^v-s  oi  emi- 
nently-refpirable  air,  pure  air,  vital  air,  as  long 
as  it  M^as  not  known  that  this  aerial  fomi  is 
merely  one  of  its  ftates  of  combination ;  which, 
notwithftanding  its  frequency  and  its  Jbeing 
lefs  impure  in  this  than  in  any  other  condition, 
does  not  prevent  its  being  concealed  in  other 
ftates ;  and  more  particularly  as,  by  combining 
with  many  bodies,  it  lofes  this  elaftic  ilate  or 
•appearance  of  air.  As  foon  as  this  truth  was 
^ell  proved,  and  clearly  explained  by  Lavoifier, 
the  neceflity  was  admitted  of  giving  it  a  diffe- 
rent name  which  might  be  applicable  to  all  the 
ilates  in  which  it  could  exift,  as  well  that  of 
gas- as  of  the  liqilid  or  folid  form.  Lavoifier 
firft  called  it  the  oxigenous  principle ;  it  was 
ialfo  named  pnncipiutn  forbile  on  account  of  its 
-eafy  abforption  by  many  bodies  and  empyreal 
air,  becaufe  it  was  eonfidered  as  the  principle  or 
element  of  the  atmofphere,  and,  laftly,  the 
'French  fchool  having  decided  for  the  word 
oxig^n,  by- admitting  a  fnnple  change  of  ter- 
mination in  the  fir{tword  propofed  by  Lavoifier, 
this  name  became  generally  adopted. 

4^.  In  the  enumeration  or  claflification  of  the 
different  fimple  bodies  of  which  the  examination 
forms  the  fecond  feftion  of  the  prefent  chemical 
fyftem,  I  announced,  that  all  bodies  having  fome 
relation  with  the  great  phenomenon,  known 
hy  the  name  of  combiiftiouj  nothing  more 
was  required. to  be  done  than  to  difpofe  them 
with  refpeft  to  the  effect  they  produce  in  tts 
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phenomenon.  The  efFefl;  of  oxigen  is  of  fuch 
importance,  that  its  prefence  muft  be  ftated  as 
the  moft  indifpenfable  condition  of  combuftion ; 
which  would  not  otherwife  take  place.  It  truly 
conftitutes  the  effential  part  of  that  procefs,  be- 
caufe  its  moft  decided  and  cxtenfive  charader 
is  its  indifpenfability  in  that  procefs. 

5.  Oxigen,  like  many  other  natural  bodies,  is 
found  in  three  ftates,  but  in  neither  of  them  is 
it  alone  or  infulated.  In  the  gafeous  form  it  is 
diffolved  in  caloric,  in  the  liquid  and  folid  form 
it  is  combined  with  different  fubftanqes,  and  can 
never  exift  concrete  and  pure  without  combina- 
tion, like  many  other  fubftances  no  lefs  decom- 
pofaWe  than  itfelf.  And  though  we  can,  in 
imagination,  conceive  it  alone,  infulated,  pur^ 
and,  in  the  folid  ftate,  experiment  has  never  yet 
exhibited  this  fa^  It  is  a  difcovery  which 
ftill  remains  concealed  in  the  bofpm  of  nature, 
or  may  exift,  ill  underftood,  under  the  name  of 
fome  fubftance  yet  unknown  in  our  colle6lions 
of  minerals. 

6.  As  oxigen  is  frequently  contained  in  a 
more  or  l^s  folid  form  in  feveral  natural  foffils 
which  have  undergone  combuftion,  and,  as  it 
has  much  attra6lion  for  caloric,  it  is  only  re- 
quired that  fome  one  of  thofe  foffils  ihould  be 
heated  more  or  lefs,  or  penetrated  with  a  great 
quantity  of  caloric  in  order  to  difengage  this 
principle,  and  obtain  it  in  the  form  of  air  or 
gas.  This  is  done  by  chemifts  to  procure  oxigen 
gas.  They  expofe  certaii^i  fubftances,  particu- 
larly 
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larly  metals  burned  by  nature,  or  by  art,  to  a 
fire  of  confiderable  aftivity  in  clofed  veffels,  fo 
difpofed  as  to  condu6l  and  receivej  under  in- 
verted jars,  the  elaftic  fluid  intended  to  be  col- 
leded.  The  burned  matter  paffes  again  to  a 
combuftible  ilate,  and  the  oxigen  which  gave  it 
tlje  burned  Hate,  being  feparated  and  fufed  by 
caloric  to  which  it  hais  a  grpat  attiadion,  her* 
comes  developed  in  the  form  of  gas.  It  is  the 
produ6l  of  a  true  combuftion. 

7.  As  in  the  operations  in  which  oxigen  is 
formed  or  obtained  ir\  the  form  of  gas,  it  is  ob- 
ferved,  that  the  flame  which  iliines  through  the 
veflels,  along  with  the  caloric,  contributes  to 
the  fpeed  and  abundance  of  the  difengagement 
of  gas,  it  has  been  concluded,  that  light  is  one 
of  the  principles  of  this  kind  of  air,  and  that  it 
is  compofed  of  oxigen,  caloric^  axid  light;  but 
all  the  fads  of  natural  philofpphy  and  chemillry, 
t^iding  at  prefent  to  prove  that  light  and  ca- 
lof  ic  are  one  and  the  fame  body,  more  particu- 
larly in  the  fl:ate  of  combination  ;  oxigen  gas 
isrconfidered  as  a  fimple  combination  of  oxi- 
gen and  caloric. 

8.  Of  the  two  bodies  wliich  form  oxigen 
-gas,  the  caloric  which  is  the  folvent,  and  gives 
it  the  (late  of  invifibility  and  elaftic  fluid,  not 
he^ng  ponderable ;  the  folidifiable  bafe  which  is 
diiTolved,  or  oxigen,  being  the  only  ponderable 
and  fixable  body  in  all  the  fubftances  with 
which  this  gas  can  combine;  and  chemifls  hav- 
ing no  other  means  of  obtaining  oxigen  in  a 
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fimpler  ftate  than  that  of  gas,  in  which  they  ufe 
it  for  a  great  number  of  operations  or  com- 
binations, many  of  them  are  habituated  to  de- 
note this  gas  by  the  ^fimple  name  of  oxigen* 
This  is,  neverthelefs,  an  error  of  nomenclature, 
and  inimical  to  the  perfpicuity  of  chemical  doc- 
trine, becaufe  the  word  oxigen  ought  not  to  be 
tifed  but  to  denote  the  bafe  of  this  gas  confidef- 
cd  alone,  or  in  all  the  poflible  ftates,  but  parti- 
cularly in  the  numerous  combinations  wherein 
is  poffeffes  the  liquid  or  folid  ftate. 

9.  Oxigen  gas,  prepared  by  the  procefs  here 
defcribed,  poffeffes  all  the  appeamnces  of  air; 
it  is  invifible,  rare,  elaftic,  arid  fluid,  and  cannot 
be  diftinguifhed,  by  mere  infpeftion,  from  the 
atmofpheric  fluid ;  but  its  properties  ar«  very 
different  when  comparatively  examined.  It  i* 
heavier  than  the  air  of  the  atmofphere  about  fix 
hundredth  parts.  One  cubic  decimetre  of  oxi- 
gen gas  weighs  very  nearly  13,57  decigrams, 
a  cubic  metre  13,57  hectograms  (the  French 
inch  cube  being  0,50  grains  and  the  foot  cube 
1  ounce,  4  gros,  8  grains).  It  animates  the 
combuftion  of  all  combuftible  bodies  ;  greatly 
increafes  flame ;  produces  much  heat  in  burn- 
ing thofe  bodies ;  is  totally  abforbed  in  com- 
buftion, and  maintains  the  refpiration  of  ani- 
mals for  a  long  time ;  elevating  the  temperature 
of  their  blood  more  fpeedily  than  common  air. 

10.  When  oxigen  gas  is  employed  in  any 
combuftion,  in  the  greateft  number  of  cafes  it 
paffes  from  the  gafeous  to  the  folid  ftate.     It  is 

precipitated 
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precipitated  from  its  gafeous  folution,  and 
abandons  its  folvent  which  becomes  difengaged 
in  the  fonh  of  light  and  heat,  whence  modern 
chemiftry  attributes  this  fecond  phenomenon 
to  that  decompofition  of  oxigen.gas ;  and  proves 
that  the  flame  and  heat  arife  from  the  precipita- 
tion of  this  gaSj  and  the  confequent  feparation 
and  difengagement  of  its  folvent,  and  not  from 
the  combuftible  bodies  as  was  formerly  thought* 
Thefelaft  merely  abforb  oxigen,  which  is  lique- 
jfied  or  rendered  folid  in  thole  cafes  by  the  lofs 
of  the  folvent  which  maintained  it  in  the  ftate 
of  elaftic  fufion, 

11.  By  admeafurement  of  the  fufion  of  ice, 
to  afcertaiu  the  quantity  of  caloric,  feparated 
during  the  precipitation  of  oxigen  on  different 
combuftible  bodies  during  the  a6l  of  burning, 
modern  chemifts  have  concluded,  from  the  dif- 
ference they  have  obferved,  that  oxigen  becomes 
precipitated,  or  is  fixed  with  more  or  lefs  folidi- 
ty  in  its  different  combinations;  that  it  pre^ 
ferves  more  or  lefs  of  its  former  folvent,  caloric, 
amd  that  to  this  is  owing  the  diverfity  of  heat 
formed,  QT  of  flame  produced,  and  the  adherence 
or  difficulty  of  feparating  the  oxigen  again  from 
the  fluid  or  folid  combinations  of  which  it  con- 
llitutes  a.part.  They  have  even  conftrufted 
tables  to  reprefent  the  various  quantities  of  ca- 
loric difengaged  from  oxigen  gas  during  its 
fixation.  No  modern  difcovery  has  given 
.greater  effect  to  the  pneumatic  doctrine  than 
that  of  the  different  quantities  of  caloric  difen- 
gaged 
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gaged  from  oucigen  or  retained  by  this  principle 
fixed  in  conibinationji^. 

12.  Thefe  confiderations  have  led  thetn  to 
diftinguifli  and  explain  two  kinds  of  combuf- 
tion  in  general,  the  rapid  and  the  flow  com- 
buflion.  In  the  fiift,  the  oxigen  gas  fpeedily 
lofes  the  greateft  part  of  its  caloric  which  then 
forms  heat  and  flame  ;  in  the  fecond,  it  is  fepa-^ 
rated  flowly^  and  fometimes  in  a  fcarcely  per^ 
ceptible  form,  in  which  cafe  it  is  fcarcely  pofli- 
ble  to  appreciate  the  caloric  developed*  Thfe 
icMt  of  the  firft  with  regard  to  oxigen  is,  that 
the  bodies  which  abforb  it  continue  in  the  folld 
fiate,  afid  almofl:  entirely  dq^rive  it  of  its  fol- 
^ent ;  at  tlie  fame  time  that  it  adheres  f6 
firoTigly  as  to  be  very  difficult  to  leparate.  Tlic 
refult  of  the  fecond,  on  the  contrary,  is,  that 
the  bodies  in  Avhich  it  is  precipitated  do  ndt 
Tetain  it  but  in  a  flightly  folid  ftatp,  littie  al- 
tered, and  eafy  to  be  difengaged.  The  fii^ 
clafs  of  bodies  are  very  difficult  to  utiburnj  and 
the  latter  are  eafily  deprived  of  this  principle. 
Tlie  forhier  when  cxpofed  to  light,  aimoft  alon^ 
or  affifted  only  by  a  fimpl^  quantity  of  ctlori<^ 
fuffer  the  oxigen  gas  to  efcape,  and  themfelyes 
return  to  the  combufl;iWe  ftate ;  the  Otlielrs  re-  , 
quire  to  be  penetrated  with  a  great  quafitity  df 
caloric  and  light  in  o^dcr  to  loofe  their  ba^igefl. 

13.  All  combuftib}€  bodies  abforb  dtflfererft 
quantities  of  oxigen  in  burning.  They  ifiay  te 
Gonvirted  to  difFeicnt  dates  of  burned  bodie% 
aceordkig  to  the  proportion  of  oi^tigeii  ttiey  hayt 
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atiforbed.  They  abforb  it  in  a  more  or  lefs  folid 
ftate,  or  more  or  lefs  feparated  from  its  folvent, 
even  in  the  different  proportions  they  abforb, 
tod  they  attra6l  this  principle  not  only  with 
different  energies,  but  diffeiently  as  to  the  fe- 
veral  quantities  they  contain.  The  law  of  at-^ 
tra^ion,  in  the  inverfe  ratio  of  the  faturatioti, 
takes  place  here  as  well  as  in  all  the  other  kinds 
of  combinations. 

14.  As  the  attractions  of  oxigen  vary  in 
each  different  body,  it  follows  that  by  prefent- 
Jng  a  compound  which  contains  it,  to  a  body 
which  has  a  flronger  attraction  for  this  princi- 
ple than  the  firft  body  to  which  it  is  miited,  it 
will  pafs  fropi  the  compoimd  to  the  fecond 
body ;  and  as  it  feldom  happens  that  this  fecond 
body  with  which  it  may  combine,  abforbs  or 
tetains  it  in  the  fame  flate  of  folidity  equally  de*- 
prived  of  part  of  its  folvent,  it  is  a  confequen<:e 
that  when  without  quitting  the  ftate  of  folidity 
or  fluidity,  it  paffes  from  one  body  to  another, 
the  mixture  is  in  fome  inftances  heated,  namely, 
when  the  oxigen  abforbed  is  rendered  more  folid, 
or,  on  the  contrary,  a  diminution  of  temperature 
takes  place;  if  the  body  which  attrads  it  caa- 
not  hold  it  in  the  fame  ftate  of  denfity.  The 
firft  of  thefe  two  cafes  is  accompanied  with  a 
Hfe  of  temperature  even  to  inflammation,  which 
takes;  place  when  the  difference  of  folidity  ac^ 
quired  by  oxigen  in  palling  from  one  body  to 
another,  demands  a  l^rong  aud  fpeedy  fepamr 
tion  of  calonc. 
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15.  As  it  is  impoffible  to  know  and  tlefcribe 
the  properties  of  pure  oxigen,  becaufe  nature 
has  not  yet  prcfented  it  to  man  in  this  ftate, 
and  becaufe  art  has  hitherto  difcovered  na 
ineans  of  difengaging  it ;  no  method  of  charac- 
terizing this  fubfiance  remains  but  to  determine 
the  properties  of  oxigen  gas,. or  oxigen  diffolved 
iii  caloric,  and  thofe  properties  which  are  pro- 
duced in  bodies  by  an  union  with  oxigen  in 
the  liquid  and  folid  ftate.  We  have  already 
feen,  in  what  has  been  explained  refpefting  oxi- 
gen gas,  that  it  is  well  chara6terized  by  the  ex- 
clufive  property  of  maintaining  comb uftion^  and 
the  refpiration  of  animals,  in  w;hich,  tq  the  laft 
-paiticle  or  bubble  in  its  gafeous  ftate,  it  operates 
as  the  fource  of  caloric  and  light idifei^gaged  in 
thofe  operations.  Its  fpecific  gravity  has  liket 
wife  been  ftated  as  a  circumftance  which  eafily 
afcertains  its  place  among  aeriform  bodies. 
\-  16.  With  regard  to  the  properties  produced  by 
oxigen,  wheal  it  becomes  fixed  in  the  liquid  or 
iblid  ftate,- in  the  different  bodies  to  which  ij 
has  an  attraftion,  it  is  very  evident,  that  the 
new  properties  acquired  by  compounds,  iriGoii- 
fequence  of  the  fixation  of  this  principle,  which 
Jthey  did  not  before  poffefs,.  and  which  they 
lofe  when  the  oxigen;  is  feparated,  may  be  con- 
£dered  as  belonging  to  this  Uft  fubftance,  or,  at 
leaft;  ias*  prod uced  by  its  prefence,  and  proper  to 
defignate  its  charader,  until  it  can  be  examined 
alorie  and  ini  a  ftate  of  purity*  Now  among 
thofe  properties  one  of  the  moft  conftant  is,  to 
r.    ci.  communicate 


communicate  more  or  lefs  tafte  to  bodies  which 
before  were  taftelefs,  or  to  augment  the  fapidity 
of  bodies  which  are  already  fapid.  So  that 
though  we  may  not  be  juftified  in  affirming 
that  oxigen  is  the  fole  caufe  of  tafte,  we  mufl:, 
neverthelefs,  confider  it  as  fuch  in  a  gfeat  de-^ 
gree  in  all  bodies  with  which  it  combines. 

17.  This  tafte  which  it  communicates  to  bo- 
dies is  frequently  four,  and  it  often,  in  fa6}i 
conftitutes  the  acid  nature  in  fubftaiices  with 
which  it  combines.  It  is,  therefore,  at  the 
fame  time,  in  fuch  bodies,  the  four ce  of  all  the 
properties  which  charafterife  the  acids,  and,  a» 
this  circumflance  is  one  of  the  moft  frequent 
and  moft  remarkable  of  thofe  which  accompany 
its  combinations,  it  has  hence  obtained  the  name 
of  oxigen. 

.  18.  The  fecond  property  communicated  to 
bodies  by  the  addition  of  folid  oxigen  is  colour^ 
It  is  this  fubftancc  which,  in  fa6t,  colours  all 
the  burned  metals,  and  gives  the  tints  fo  va- 
rious, fo  brilliant,  and  fo  durable  which  are  pof- 
feffed  by  enamels  and  glaffes  of  every  iliade. 
Though  this  charafter  is  very  decided  with  re- 
fpefil  to  various  oxig'enated  compounds,  when 
^e  compare  it  with  that  of  tafte,  it  is  found  to 
l)e  lefs  conftant  and  lefs  general.     There  are,  in 
ik6l,   a  confiderable  number  of  compounds  iii 
Mrhich  oxigen,  though  vin  a  large  proportion, 
communicates  no  colour. or  tint,  but    rather 
makes  them  tranfparenti ' ; 
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19*  It  is  ufeful  to  obferv€  in  this  place,  that 
the  many  vegetable  colouring  matters  owe  the 
different  ftate  of  their  colours  to  the  varied  pro- 
portion of  oxigen;  wemuft,  neverthelefs,  reckon 
among  its  properties  that  it  tends  to  difcolour 
organized  fubftances,  and  that  when  it  is  ac- 
cumulated it  renders  them  white.  Such  is  the 
fourceof  moft  of  the  methods  of  bleaching,  and 
more  particularly  that  of  cottons,  linens,  and^ 
Wax,  by  expofure  to  the  air,,  as  will  be  fully  ex-r 
plained  in  the  other  fedions  of  this  work. 

20.  We  muft  more  particularly  clafs,  among 
the  diftinftive  and  charafteriftic  properties  of 
the  combinations  of  oxigen  that  denfity,  coa- 
gulation or  concretion  in  general  which  it  pro- 
duces in  organized  bodies.  It  is  to  this  phe- 
nomenon, well  determined,  that  feveral  effects  of 
vegetation  and  of  animalization  are  owing, 
which  will  be  fliown  in  the  fedion  appropriated 
to  their  hiftory.  It  is  here  noted,  merely  ta 
bring  together  the  principal  properties  com- 
municated by  oxigen.  It  will  alfo  be  feen,. 
that  the  accumulation  of  oxigen  in  organic 
fubftances,  opei;ates  their  complete  deeompo- 
fition. 

21.  From  the  tafte  produced  by  oxigen,  fol- 
lows a  very  remarkable  property  of  the  fub- 
ftances thus^  aded  upon,  namely,  the  medicinal 
power  of  fome,  and  the  cauftic  or  poifoiious 
acridity  of  others.  The  firft  is  the  mrnimiim  of 
the  fecond,  and  accordingly  we  find  in  the  me- 
dibinal  action  a  great  number  of  degrees ;  and 
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J>oilons,  of  which  the  energy  is  fihiply  mode- 
rated, are  frequently  employed  as  remedies.  In 
the  terrible  adion  of  cauftics,  oxigen  evidently 
quits  thofe  bodies  to  a6l  on  the  animal  organs 
which  it  bums  and  deftroys* 

22.  By  confining  the  prefeht  examination  of* 
oxigen  to  the  enunciation  of  thofe  general  pro- 
perties, it  is  fufficient,  iti  the  mean  time,  to  ihew 
how  extended  and  important  its  aflion  and  in- 
fluence muft  prove  in  all  the  phenomena  of  na- 
ture and  of  art.  The  mere  exhibition  of  this 
principle  fhows  that  it  is  one  of  the  moft  ener- 
getic and  moft  powerful  agents  that  chemifts 
can  employ.  It  is  an  inftrument  applicable  to  a 
number  of  operations,  and  which  is  inceffantly 
effedive  in  chemical  proceffes;  confequently 
its  piFoperties,  its  attradions,  its  different  ftates, 
Its  tranfitions,  from  one  fyftem  of  bodies  to 
another,  conftitute  almoft  the  whole  of  the  mo- 
dem pneumatic  doftrine.  They  have  rendered 
the  theory  of  chemiftry  much  more  general, 
more  clear,  and  more  fimple,  than  it  was  before 
the  difcovery  and  knowledge  of  this  principle. 
It  has  truly  changed  the  face  of  the  fcience. 

23*  Every  fa6l  tends  to  prove  that  oxigen  is 
One  of  thofe  fimple  bodies  which  nature  employs^ 
ixioft  frequently  in  all  combinations  and  decom- 
pofitions;  which  is  found  moft  abundantly  dif- 
fufed  among  all  her  produdlions,  and  conftitutcd 
iii  the  atmofphere  of  our  globe  refer  voir,  as  we 
fliall  fee  in  the  following  article. 
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Article  V. 

C&nceming  the  Air  of  the  Atmofphere. 

1.  THAT  elaftic  fluitl,  which  fills  and  con- 
ftitutes  the  atmofpher^,  is  very  far  from  being 
a  fimple  or  undecompofed  fubftance,  a  real  ele- 
ment, as  wa5y  for  a  long  tiine,  fuppofed  by  phi- 
lofophers  and  chemifts.  It  ought  not,  there- 
fore, ftridtly  to  belong  to.  the  feftion  of  fimple 
bodies ;  but  as  the  greateft  number  of  its 
kiiONvn  effefts  evidently  depend  upon  the  prin- 
ciple which  has  formed  the  fubje6t  of  the  pre- 
ceding article,  which  is  one  of  the  conftituent 
fubftahces  of  the  atmofphere,  its  hiftory  can 
only  be  placed  at  the  end  of  that  of  the  laft- 
mentioned'body ;  fmce  this  laft  can  alone  throw 
the  greateft  light  upon  its  properties  and  che- 
mical chara6lers. 

S.  The  atmofpheric  air  being  the  only  natu- 
ral body  which  is  conftantly  in  the  elaftic  fluid 
form,  which  encmnpaffes  the  globe,  and  in 
which  it  is  continually  immerfed^  and  this 
ibrm  rendering  it  the  common  receptacle,  as 
well '  as  caufe,  of  a  great  number  of  natural 
phenomena,  which  it  is  heceflary  well  to-un- 
derftand,  we  cannot -difpenfe  with  ftudying  it 
in  its  grand  mafs,  by  confidering  it  at  firft  col- 
ledively,  and  defcribing  the  influence  of  its 
phyfical  or    general   properties,^    its   gravity, 
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fluidity,  &c.  the  compofition  or  decompofi* 
tion  of  the  other  bodies,  which  it  touches,  co- 
vers, preffes  upon,  agitates,  and  inceflantly 
changes. 

S.  By  the  name  of  the  atmofphere,  we  un- 
derftand  the  entire  mafs  of  the  air  which  encir- 
cles all  parts  of  the  terreftrial  globe,  which 
moves  with  it,  :wiiich  touches  it  in  all  paits, 
afcending  to  the  tops  of  its  mountains,  pene- 
trating into  its  cavities,  inceflantly  floating  on 
the  furface  of  its  waters,  and  in  the  midft  of 
which  all  the  beings  detached  from  the  niafs  of 
the  globe,  plunge,  move,  or  are  carried  off: 
It  is  a  vafl:  ocean,  compofed  of  all  that  is  ca- 
pable of  being  volatilized  from  the  earth,  of 
all  that  can  be  reduced  to  vapour  at  the  various 
degrees  of  temperature  and  preflure,  contain- 
ing an  aflemblage  of  mineral,  vegetable,  and 
animal  matters,  which  reprefent§  a  fort  of  chaos, 
and  which,  confidered  in  this  point  of  view, 
muft  prefent  continual  and  almoft  indetermina- 
ble variations,  though  chemical  analyfis  has  at- 
tained to  the  difl;inQ;ion  of  the  confl:ant  terms 
of  its  compofition,  as  will  be  feen  hereafter ; 
becaufe  the  various  fubfl:ances  which  are  ca- 
pable' of  being  fufpended  in  it  are,  in  fad,  only 
accidental,  with  refpe^  to  its  intimate  nature, 
which  they  never  change. 

4.  It  is  not  known,  with  precifion,  to  what 
height  the  air  of  the  atmofphere  extends,  or 
what  is  the  real  dimenfion  of  the  atmofphere ; 
but  we  klxow  that  its  different  fl:rata  are  more 
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denfe  and  compreffed,  the  nearer  they  arc  to 
the  globe,  and  that  their  variation,  at  a  great 
elevation,  is  limited,  in  confequence  of  the 
colder  temperature  of  the  upper  regions.  It 
is  alfb  known  that,  in  the  elevated  regions,  lu- 
minaries and  inflammable  meteors  are  gene* 
rated  ;  that  the  atmofphere  is  croffed  in  every 
direftion  by  light,  and  with  more  difficulty  by 
caloric,  of  which  it  is  a  feeble  conduftor  ;  that 
it  alfo  confines  the  ele6lric  fluid  ;  that  the  up*' 
per  clouds  are  more  fl;rongly  eleftrified  than 
the  lower  ones ;  that  the  lightning  confifts  of  a 
fudden  communication  or  divifion  of  the  elec*- 
trie  fluid  between  the  lower  clouds  and  the  ter- 
refl:rial  globe;  and  .that  it  is  by  rifing  to  diffe- 
rent heights  in  the  atmofphere,  by  the  aid  of 
aeroflatic  machines,  that  natural  philofophers 
will  become  better  acquainted  with  the  caufe$ 
and  effefts  of  meteors, 

•  5-  The  elaftic  fluidity  of  the  atmofpheric 
air,  which  cannot  be  defl;royed,  by  any  preflure, 
or  known,  degree  of  cold,  explains  the  facility 
and  rapidity  of  its  motions ;  among  which  thofe 
which  are  conftant,  and  occafioned  by  the  pref- 
fure  of  the  fun  and  moon,  are  almoft  incapa- 
ble of  eftimate  or  meafure,  in  the  midft  of  much 
greater  agitations,  produced  by  accidental 
and  variable  caufes.  Such  is  the  general  mo- 
tion of  the  winds,  the  mofl;  rapid  of  which  pro- 
ceed, at  leaft,  twenty  metres,  (or  yards  nearly) 
in  a  fecond;  and  thofe  which  are  more  com- 
pion,  poflTefs  a  velocity  only  equal  to  oncrthird 
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of  the  former.  It  is  farther  remarkable,  that 
notwithftanding  this  extreme  fluidity,  of  the 
aic,  it  cannot  pafs  thi'Ough  a  number  of  bodies 
which  are  permeated  by  water  and  other  liquids. 
It  muft  not  however  be  forgotten  that  this 
fluidity,  and  the  quicknefs  of  motion  it  admits 
of,  are  very  fmall  in  comparifon  with  that  of 
light,  which  appears  to  communicate  thefe  pro- 
perties to  the  air,  as  will  fpeedily  be  ihown. 

6.  The  diftance  between  the  integrant  par- 
tidies  of  the  air  admitting  of  the  paflage  of  light, 
this  fluid,  in  fmall  mafles,  is  really  invifible,  or 
the  moft  tranfparent  of  all  bodies.  But  when 
large  mafles  are  obferved,  the  deviation  and  re- 
&e6tiojL  of  the  luminous  rays  render  this  air 
more  or  lefs  vifible,  and  even  give  it  a  blue 
tinge.  This  colour  has  been  erroneoufly  attri- 
buted to  the  heaven  itfelf,  and  denominated  iky 
blue ;  it  is  only  the  feries  of  atmofpheric  fl:Tar; 
ta,  amafled  at  no  great  difl:ance  from  the  earth, 
that  we  perceive  under  this  colour;  and  therc 
is  an  iramenfe  diftance  between  thefe  ftrata  and 
the  region  of  the  ftars. 

7.  The  atmofpheric  air  is  generally  confider- 
ed  as  infipid.  This  proceeds  only  frdm  the  long 
habits  of  ajankind  to  refpire  and  feel  it,  as  iis 
proved  by  t3ie  cries  of  a  child,  the  firft  time  it  is 
fubjeft  to  its  impreffion,  when  brought  into 
the  world ;  the  acute  pain  excited  by  its  contact 
with  wounds,  cuts,  and  on  our  organs,  when 
<ieprived  of  the  epidermis ;  the  difficulty  of  cica- 
trization in  wounds,  even  of  vegetables,  when 
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the  air  inceffantly  touches  them ;  the  lively  im* 
preffion  it  produces  on  nerves  in  general  when 
uncovered,  and  the  caries  caufed  by  it  in  bones 
deprived  of  the  periofteum. 

8.  The  gravity  of  common  air,  and  all  the 
jphenomena  which  depend  upon  the  weight  and 
preffure  of  the  atmofphere,  unknown  to  the  an* 
cients,  have  changed  the  face  of  natural  philo- 
fophy  fince  the  middle  of  the  fixteenth  century, 
in  confequence  of  the  important  thought  of 
Torricelli,  and  the  exa6l  experiments  of  PafcaJ 
^nd  Perrier,  made  by  the  latter  on  the  mountain 
Puyde  Dome,  in  the  month  of  September  l64St 
It  is  this  gravity  which  fuftains  water,  at  more 
than  ten  metres  or  thirty-two  French  feet,  in 
pumps  ;  and  mercury  at  little  more  than  three- 
fourths  of  a  metre,  or  twenty-eight  French 
inches  in  a  tube  of  glafs,  It  is  this  which  gave 
rife  to  the  invention  of  the  barometer,  the 
height  of  which,  is  the  exa6l  meafure  of  the 
weight  of  the  atmofpheric  air,  if  a  flight  cor- 
reftion  be  made  for  the  variation  of  its  tempe- 
rature. By  means  of  this  corre6led  barome* 
trical  meafure  it  is  that  the  height  of  moun- 
tains, the  depth  of  mines,  &c.  may  be  eflimated 
with  precifion.  The  cube  decimetre  of  air 
weighs  twelve  and  one  third  decigrams,  and  the 
cubic  metre  twelve  and  one  third  hectograms, 
(The  cubic  French  inch  0,46  of  a  grain,  the 
cubic  foot  one  ounce,  three  drams,  three  graips.) 

9.  This  weight,   eflimated  by  the   methods 
pf  experimental  philofophy,    ^ncj  which  per- 
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fe6lly  explains  the  varipufly  compreffed  ftate 
of  the  different  ftrata  of  atmofpheric  air,  has 
alfo,  by  the  preffure  it  exerts,  an  influjence  upon 
the  ftate  of  folids  and  liquids ;  it  is  to  this  pref- 
fure, that  the  permanence  of  liquids  at  the  fur^ 
face  of  the  globe  may  be  accounted  for,  as  it 
prevents  their  rarefatlion.  It  is  neceffary  to 
overcome  it,  to  reduce  liquids  to  a  ftate  of  va- 
pour, as  well  as  to  form  the  gafeous  bodies.  It 
ought,  therefore,  to  be  well  underftood  and  ac- 
curately eftimated,  and  chemifts  are  continually 
under  the  neceflity  of  attendino^-^to  barometrical 
obfervations. 

10,  Compreffibility  and  elafticity  are  two 
properties  equally  inherent  in  common  air; 
they  are  the  fource  of  a  number  of  natural  phe- 
nomena, as  likewife  of  many  effe6ls  that  are 
produced  in  philofophy  and  the  arts.  The 
frafture  of  veflels  the  fufpenfion  of  liquids,  the 
obftacles  to  their  dilation  and  evaporation,  the 
detonations,  are  of  fuch  importance  in  che- 
jniftry,  that  all  machines  founded  on  thefe  pro- 
perties are  requifite  to  be  known,  and  ufed  in 
philofophical  experiments.  .Asbyianalogy  and 
comparifon  with  air,  a  judgment  is  often  formed 
of  the  bulk  and  quantities  of  different  gafes 
obtained  or  employed  in  chemical  operations,  it 
becomes  indifpenfable  to  determitie  with  accu- 
racy, the  feveral  ftates  of  pteffure  of  thefe 
fluids. 

1 1 .  The  property  of  occupying  a  large  bulk, 
the  power  of  expanfion  or  rarefaction,  the  con- 

fequence 
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fequence  of  the  fpring  of  the  air,  which  it  is 
found  to  affiime,  either  by  the  accumulation  of 
caloric,  or  by  the  diminution  of  preffure,  is  alfo 
t)ne  of  thole  properties  which  have  the  greateft 
influence  in  chemical  operations.  It  regulates, 
in  faQ^,  thefpring  and  denfity  of  all  the  other 
elaftic  fluids  that  ar«  obtained  in  the  experi- 
ments of  chemiftry  ;  but  the  common  air  is  fo 
often  admitted  into  chemical  veflels,  that  it  is 
from  this  fluid  that  the  phenomena  of  rupture 
and  explofion  moft  frequently  derive  their  ori- 
gin ;  arid,  under  this  point  of  view,  it  highly  de- 
fer ves  the  attention  of  chemifl:s. 

1 2.  To  all  the  phyfical  properties  which  have 
hitherto  been  cohfidered  in  air,  the  chemift  muft 
add  the  knowledge  of  thofe  which  it  prefents  by 
its  attractions,  by  the  combinations  of  which  it 
is  fufceptible,  by  the  decompofitions  it  is  capa;- 
ble  of  effefting,  in  fliort  by  the  effects  it  pro- 
duces, either  by  uniting  with  other  bodies^  or 
by  being  difengaged  from  the  combinations 
which  contain  it.  There  is  fo  great  a  diilance 
between  the  inaccurate  and  loofe  notions  which 
were  forincrly  entertained  upon  this  fubje6t,  and 
the  precife  ideas  acquired  by  modern  difcoveries, 
that  the. appearance  of  the  fcience  has  become 
totally  changed  Before  thefe  difcoveries,  che" 
mifts  were  contented  with  clafling  air  among 
th0  number  of  the  elements ;  and  confidering  it 
as  one  of  the  conflituent  principles  of  bodies. 
Bt)yle  and  Hales  added,  that  it  was  fixed  in 
bodies  J  tbat  it  was  difengaged  fronj  them  dur^ 

ing 
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ing  their  decompofitioii,  and  that  it  might  be 
colle6ted  by  eftimating  the  quantity  and  rang- 
ing it  the  number  of  the  products.  Never- 
thelefs,  Mayow,  a  cotemporary  of  Boyle,  fufpeft- 
ed  that  only  a  certain  part  of  the  air  became 
fixed  in  bodies :  but  this  firft  fufpicion,  which 
might  alfo  have  been  found  in  the  works  of 
Paracelfus  and  Van  Helmont,  was  merely  an  hy- 
pothefis  before  the  experiments  of  Lavoifier 
upon  air,  which  wei'C  no  lefs  new  than  precife 
and  ingenious. 

13.  From  the  numerous  inquires  of  Lavoifier, 
which  have  fince  been  repeated  and  confirmed 
by  all  chemifts,  it  appears  that  the  elaftic  fluid, 
treated  of  in  the  preceding  article  under  the 
jiame  of  oxigen  gas,  compofes  an  effential  part 
pf  the  air;  that  it  is  capable  of  maintaining 
combufl:ion  and  refpiration,  by  virtue  of  its 
proportiou  of  that  fubftance ;  that  thefe  two 
characters,  which  had  been  exclufively  attribut- 
ed to  it  before  the  difcovcry  pf  vital  air  or  oxi- 
gen gas,  which  poffeffes  them  with  much  great- 
er energy,  are  entirely  owing  to  a  part  of  this 
gas  which  it  confl:antly  contains,  and  that  when 
it  is  deprived  of  it,  thefe  properties  are  no  longer 
to.  be  found.  Hence,  on  examining  in  the  pre- 
ceding article,  the  properties  of  oxigen  in  a  ftate 
of  gas,  the  examination  of  air  was  commenced, 
and  exaCtnptions  were  acquired  refpe6iing  thofe 
conftituent  principles  which  bell  characlerife 
it, 

Nothings 
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Nothing  more  is  neceffary  than  to  know  how 
this  oxigen  gas  is  modified  in  the  air,  and  how, 
in  confequence  of  thefe  modifications,  the  phy- 
fical  and  chemical  properties  of  common  air 
differ  from  thofe  of  pure  oxigen  gas. 

1 4.  There  is  no  one  who,  on  comparing  by 
a  fimple  and  ■  eafy  experiment,  the  manner  in 
which  a  combuftible  body  burns  m  air,  with  the 
manner  in  which  it  bums  in  oxigen  gas,  will  not 
immediately  difcover  that  the  aftivity,  the 
quicknefs,  the  heat  produced,  and  the  flame 
difengaged  in  this  laft  combuftion ;  are  much 
fuperior  to  thofe  which  accompany  the  former. 
Every  dbferver  is  ftruck  with  this  diflference, 
and  to  a  perfon  the  leaft  attentive,  and  poflefTed 
merely  of  curiofity,  it  affords  a  brilliant  fpe6ta- 
cle,  which  prevents  him  from  confounding  in 
any  manner  the  phenomena  produced  by  air, 
with  thofe  which  are  produced  by  oxigen  gas. 

15.  On  obferving  with  more  care,  that  is  to 
fay  all  the  refults,  the  flriking  diverfity  of  thb 
phenomenon  of  combuflion,  philofophers  and 
chemifts  have  been  able  to  prove  that  atmo- 
fpheric  air  of  a  given  bulk,  or  flill  more  pre- 
cifely  of  a  given  weight,  bums  only  one-third 
part  of  the  fame  combuftible  body  that  is  burn- 
ed by  oxigen  gas,  and  that,  while  the  latter  is 
entirely  abforbed  even  to  the  laft  bubble,  by 
matters  fufceptible  of  rendering  it  folid,  the  at- 
mofpheric  air,  on  the  contrary,  lofes  little  more 
than  one  fifth  part  of  its  bulk ;  that  there  is 
cT)iifequently  only  a  certain  part  of  its  mals 

which 
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which  is  capable  of  combining  with  combufti* 
ble  bodies,  of  fupporting  their  combuftion,  as 
well  as  ferving  for  the  refpiration  of  animals. 

16.  This  obfervation  very  naturally  led  them 
to  explain, why  combuftible  bodies  would  not 
bum  in  a  vacuum,  why  they  were  extinguifhed 
after  fome  time  in  air  that  was  not  renewed, 
why  common  air  was  diminilhed  in  bulk,  why 
thofe  fubftances  which  burn  in  it  are  increafed  in 
weight ;  how  this  augmentation  of  weight  was 
exadlly  in  proportion  to  the  lofs  of  air :  for  it 
was  foon  proved  that  the  diminution  of  bulk  in 
the  air  was  neither  the  eifeft  of  fimple  preffure, 
nor  deftru6tion  of  its  elafticity,  as  had  long 
been  imagined,  nor  the  effe6i:  of  a  combination 
with  fome  matter  difengaged  from  combuftible 
bodies  which  would  have  confined  or  condenfed 
its  particles.  It  was  not  more  difficult  to  com- 
prehend why  the  air  in  which  a  combuftible  bo- 
dy was  extinguiflied  after  having  been  burned, 
again  extinguiflied  another  lighted  body  im- 
merfed  in  it,  or  why  it  fuddenly  killed  animals : 
it  was  found  that  fuch  air  had  been  deprived  of 
its  aliment  of  combuftion. 

17.  But  as  common  air  could  not  entirely 
conftitute  the  aliment  of  flame,  like'  oxigen  gas, 
it  was  neceflary  to  afcertain  whether  the  proper- 
ty of  maintaining  combilftion  really  proceeded 
from  this  oxigen  gas,  and  whether  the  limits  of 
its  power,  with  refpeft  to  this  phenomenon,  were 
fixed  by  the  quantity  which  it  contained.  La- 
voifier  directly  proved  both  thefe  propofitions-; 

he 
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he  ihowed  that  they  were  demonftrable  fa6ls/ 
by  proving,  firft,  that  bodies  burned  in  common 
air  afforded  alone,  and  without  any  additibn 
except  caloric  and  light,  oxigen  gas  exa&ly  in 
the  fame  proportion  as  that  which  they  had  de- 
rived from  the  air  while  burning  in  it ;  and  fe- 
Gondly,  that  this  portion  of  oxigen  gas,  feparated 
from  a  burned  body,  and  added  to  the  refiduum 
of  the  air  which  had  ferved  for  combuftion,  en- 
tirely re-compofed  common  air,  and  gave  to 
the  refidue  the  property  of  ferving,  as  before, 
for  combuftion,  in  the  fame  manner,  and  during 
the  fame  time. 

1 8.  Thus,  as  foon  as  air,  exaflly  fimilar  lo 
that  of  the  atmofphere,  was  again  formed,  by 
mixing  with  the  air  aheady  ufed,  dr  exhaufted 
by  combuftion,  a  portion  of  oxigen  gas  before 
precipitated  from  the  atmofpheric  air  in  a  burn- 
ed body,  equal  to  that  which  it  loft; — fince  a  real 
fynthefis  of  common  air  was  thus  effected,  it  is 
very  natural  to  conclude  that  the  analyfis  of 
common  air  was  truly  made  by  combuftible 
bodies;  that  the  latter,  immerfed  in  air,  gra- 
dually abforb  its  oxigen,  and  feparate  a  certain 
quantity  of  its  folvent  caloric;  that  they  are 
only  capable  of  taking  this  principle,  which 
is  alone  fufceptible  of  making  them  burn ;  that 
they  do  not  in  any  manner  affe6l  that  portion 
which  is  not  oxigen  gas,  and  that  the  elafdc 
fluid  which  remains  after  combuftion  being  a 
mephitic  gas,  extiuguifhing  burning  bodies  and 
killing  animals,  it  may  be  concluded^  with  La- 
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voifier,  that  common  air  is  really  a  compound 
of  two  gafes,  oppofite  in  their  nature  with  re- 
lpe6l  to  combuftion  and  refpiration. 

19.  Twenty-feven  parts  of  oxigen  gas,  and 
feventy-three  parts  of  a  mephitic  gas,  not  ab- 
forbable  by  combuftible  bodies,  and  not  ca- 
pable of  aflifting  their  combuftion,  therefore 
compofe  the  atmofpheric  air  under  the  moft 
ufual .  circumftances.  It  cannot  be  faid  that 
the  mephitic  gas  is  fonned  by  the  efteft  of  com- 
buftion, and  that  confequently  air  is  a  fnnple 
fubftance,  identical  in  its  conftituent  particles ; 
for  common  air  can  be  formed  originally, .  by 
mixing,  in  the  proportions  above-mentioned  ; 
oxigen  gas,  and  the  kind  of  mephitic  gas 
which  is  thus  formed,  after  having  obtained 
both,  from  fubftances  foreign  to  the  atmofphere, 
are,  in  reality,  very  different  from  each  other, 
as  will  be  proved  in  the  following  article,  where 
we  fhall  treat  of  the  nature  of  this  mephitic  gas 
of  the  air,  which  cannot  be  formed  by  combuf- 
tible bodies,  during  their  combuftion. 

20.  As  combuftible  matters  effe6l,  during 
their  combuftion,  a  real  analyfis  of  the  air,  it  has 
been  concluded,  that  if  the  latter  fliould  vary 
in  the  proportions  of  its  two  principles,  thefe 
variations  might  be  eftimated  with  accuracy  ; 
and  hence  originated  eudiometry,  pr  the  art  of 
difcovering  the  purity  of  air  by  in'ftruments 
called  eudiometers ;  the  mechanifm  and  gene- 
rai  difpofition  t)f  which,  are  fuch,  that  they 
wntain  welltmeafured  quantities  of  air,  and  in- 
dicate 
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dicate  with  precifion  how  much  of  this  inea- 
ftired  air  contributes  to  combuftion,  as  alfo 
what  refiduum  it  leaves  after  the  combuftion  is 
over.  To  be  well  acquainted  with  the  ufe  of 
this  inftrument,  it  muft  be  known  that  all  com- 
buftible  bodies  do  not  carry  off  entirely,  by  the 
firft  action,  and  by  a  fingle  operation,  all  the 
oxigen  gas  of  the  air;  that  fome  abforb  more 
than  others ;  that,  in  this  refpeft,  a  choice  flxould 
be  made  between  them,  and  according  to  that 
choice,  each  eudiometrical  procefs  ought  to  be 
treated  in  particular  under  the  article  of  each 
combuftible  body,  which  we  fliall  take  care  to 
perform.  It  is  only  neceffary  to  ftate  here,  that, 
by  modern  eudiometrical  proceffes,  and  particu-^ 
larly  by  the  important  refearches  of  M.  Hum- 
boldt, we  havelearned  that  the  proportions  of 
the  two  aerial  fluids  may  vary  to  fuch  a  degree 
that  the  oxigoji  gas  may  conftitute  from  0,25 
to  0,29  parts.     ' 

21.  Each  combuftible  body  not  only  has  a 
different  capacity  for  fixing  or  confuming  at-* 
mofpheric  oxigen  gas,  by  which  they  all  differ 
in  their  eudiometrical  ufes ;  but  alfo,  on. com- 
paring thefe  bodies  together,  a  general  diffe- 
rence is  found  to  exift  between  them,  which 
muft  caufe  their  utility  to  vary  confiderably 
with  refpetl;  to  the  analyfis  of  air.  If,  in  fhort,- 
the  greatefl  number  have  the  property  of 'db- 
forbing  oxigen,  more  or  lefs  folid,  and  cbnfe- 
qiiently  of  diminiihing  the  volume  of  air,  thete 
are  alfo  others  which  melt  in  okig^n'gasj*'wlHte 
'■-'  '•'  themfelves 
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themfelves  lofe  thpir  folid  ftate,— which  difap- 
pear,  and  do  not  all,  or  but  in  a  very  fmalt 
degree,  dhninifh  the  bulk  of  the  air.  It  i^ 
thus  that  on  burning  tallow,  candles,  wax,  or 
wax  candles,  oils,  alcohol,  ether,  and  carbona- 
ceous fubftances  in  general,  in  a  certain  quan* 
tity  of  atmofpheric  air,  this  elaftic  fluid  expe- 
riences very  little  diminution  in  its  bulk,  and 
confcquently  we  cannot  form  an  opinion  of  its 
quantity  or  nature  from  fuch  diminution.  Thi» 
eircumilance  will  be  explained  at  greater  length 
in  feveral  of  the  fubfequent  articles. 

22.  Although  the  analyfis  of  air,  and  an  ex- 
zQt  knowledge  of  the  proportion  of  its  two  ga- 
feous  principles  be  effential  in  m^y  chemical 
operations,  it  is  proved  that  the  hopes,  which 
had  at  firft  be^n  entertained^  as  to  the  utiKty  of 
ctidiometrical  refults  in  medicine  are  ftill  only 
Hldfivc,  and  that  the  effefts  of  atmofpheric  air 
as  the  canfe  of  difeafes,  are  not  to  be  attribi^ted 
to  this  proportion,  but  to  caufes  yet  unknown, 
Or  not  hitherto  afcertained  by  our  phyfical  and 
chemical  means.  Various  miafmata,  that  is  to  fay 
TCry  fine  particles,  ^fo  foreign  to  the  two  gafes 
vhich  conftitute  the  mafe  of  the  air,  may  be 
Iftfpended,  diffolved,  and  tranfported,  fo  as  to 
jHfOdiicc,  in  the  liquids  or  folids  of  animals  who 
Tefpire  it,  difeafes  or  alterations  more  or  lefs 
e*e>nfiderable.  The  cudiometrical  prpceffes  de- 
tect none  of  thefe,  and  throw  no  light  \xp(M 
thcit  nature,  their  difference,  their  quantity,  or 
a6Hcitr. 
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23.  It  is  the  fame  with  a  number  of  foreign, 
fubftahces  in  the  two  conftituent  gafes  of  the 
atmofphere,  which  can  only  be  eftimated  with 
difficulty,  and  by  methods  of  approximation  fo- 
reign to  the  eudiometer,  fuch  as  the  ele6lric 
fluid,  the  magnetic  fluid,  light,  caloric,  vege- 
table, animal,  or  mineral  powders,  which  flut- 
ter from  allpart^  in  the  air  of  the  atmofphere, 
and  which  inceflantly  eaufe  a  variation  in  its 
quantity  and  nature.  The  fame  obfervations 
muft  neceflkrily  be  applied  to  water  itfelf,  the 
proportion  of  which  can  be  meafured  between 
certain  limits  in  the  air,  but  the  real  quantity  of 
which  cannot  exaftly  be  afcertaihed,  becaufe 
we  have  no  fixed  term  to  proceed  from. 

24»  We  may  add  to  this,  that,  in  the  atmo- 
fphere, there  is  conftantly  found  a  fmall  quan- 
tity of  volatile  and  gafcous  acid,  known  by 
the  name  of  carbonic  acid,  which  will  be  treated 
of  at  length  in  the  third  feftion  of  this  wo^k. 
It  is  inthe  proportion  of  0,01  to  0,02 ;  and  not- 
withftanding  the  fmallnefs  of  the  quantity,  it  is 
fufficient,  in  confequence  of  the  air  which  is  fo 
often  renewed  at  the  fiirface  of  bodies,  to  caufe 
a  number  of  efFefts  and  phenomena  which  will 
be  appreciated  in  proportion  as  our  chemical 
courfe  fliall  be  difclofed  in  the  following  articles. 

25.  The  atmofpheric  air  ferving  for  combuf- 
tion  and  refpiration  only  in  confequence  of  the 
0,27  parts  of  oxigen  gas  it  contains,  and  the 
fpecies  of  mephitic  gas  which  foxms.  0,73  parts 
of  its  compofition,  and  which  will  be  iuvefti- 

gated 
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gated  in  the  following  article,  under  the  name 
of  azote  gas,  not  contributing  in  any  manner  to 
thefe  phenomena, — Lavoifier  has  reprefented  the 
latter  as  a  paffive  principle,  and  the  firft  only 
has  been  obferved  in  fome  degree  as  the  caufe  of 
all  the  chemical  xproperties  of  the  air.  It  is  ne-* 
cefTary  however  jto  obferve,  in  this  refpeft,  that 
if  the  azote  gas  were  really  a  paflive  principle  in 
combuftion,  as  this  illullrious  chemift  would  in- 
finuate,  doubtlefs,  with  the  intention  of  render- 
ing his  beautiful  theory  more  clear  and  intelli- 
gible, the  atmofpheric  oxigen  would  burn  bo- 
dies with  an  a6livity  and  quicknefs  equal  to 
that  of  the  former  gas  ;  and  it  is  a  well-known 
faql  that  this  effect  does  not  thus  take  place^ 
and  that  there  is  a  great  difference  between  the 
manner  of  burning  in  atmofpheric  air  and  in 
pure  oxigen  gas.  The  fame  effeft  is  feen  with 
an  artificial  mixture  of  this  gas  in  the  propor^ 
tipn  of  0,27,  with  azote  gas  in  the  proportion  of 
0,73,  or  with  the  real  faftitious  air  of  modern 
chemifts.  In  this  faftitious  air,  oxigen  gas 
lofes,  by  the  addition  of  azdte  gas  in  the  pro- 
portion indicated,  its  property  of  burning  the 
combuftible  bodies  with  the  aftivity  and  bril- 
liancy whicbi  it  gives  to  their  combuftion  when 
it  is  pure>  and  it  cannot  be  doubted,  but  that 
this  modification  is  produced  by  the  addition 
of  azote  gas.  It  appears  that  when  thefe  two 
gafes  are  mixed,  they  penetrate  and  approach 
each  other ;  for  the  fpecific  gravity  of  the  mix- 
ture is  rather  more  confiderable  than  the  mean 
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tefm  of  that  of  the  two  gafes ;  that  they  are 
€ondenfed ;  that  a  comhination  is  in  fome  de- 
gree commenced  between  them ;  and  that  the 
©xigen  gas  being  enveloped  and  as  it  were  la* 
^ient  in  nearly  three  parts  of  azote  gas,  cannot 
then  re-a6t  upon  combuftible  bodies,  the  fame 
as  when  it  is  alone :  thefe  bodies  are,  therefore, 
obliged  to  withdraw  it  from  this  kind  of  com- 
binatioB,^  and  to  employ  for  this'  fpecies  of  at- 
traftion,  an  effort  which  will  retard  their  union 
with  oxigen,  and  diminiih  the  energy  of  their 
^ombuilion,  either  in  the  qnickncfs  or  aelivity 
©f  the  phenomena  which  accompany  it*  It  is, 
therefore,-  the  fame  with  the  oxigen  gas  lodged 
loetween  the  particles  of  azote  gas,  as  with  a  fait, 
an  acidy  or  alcohol^  diffolved  and  diluted  in  wa- 
ter:, their  properties  remain  the  fame ;  but  theif 
taile,  and  their  tendency  to  combinatioii  are 
diminiihed  or  weakened  by  the  interpofitian  of 
the  watery  particles  between  their  own  particles^ 
S6.  All  thefe  chemical  fafts  relative  to  the  pro- 
perties of  atmofpheric  air,  which  have  been  ac- 
quired by  the  refearches  of  the  moderns,  and  have 
produced  many  happy  alterations  i|i  the  theor)? 
of  the  fcience,  aiford  innumerable  applications 
to  the  different  branches  of  chemiftry  that  have 
been  pointed  out  in  the  firft  feftion  of  this 
work-  There  is  fcarcely  any  department  which 
does  not  derive  fome  important  and  ufeful  in- 
formation from  thefe  difcoveries.  Among  thefe 
in  particular,  are  meteorological  chemiftry, 
which  relates  to  the  knowledg/^  of  various  mo- 
difications 
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difications  or  phenomena  in  the  atmofphere; 
mineral  diemifiry,  regarding  the  changes  which 
take  place  in  foffiis  by  the  contaft  of  air;  me-* 
dicinal  or  domeftic  ehemiftry,  for  the  choice^ 
the  corredlion,  and  purity  of  this  iSuid ;  vege- 
table and  animal  ehemiftry,  relative  to  the  in- 
fluence of  air  upon  vegetation  and  animali2a'> 
tion;  and  laftly,  manufaauring  and  pharmaco- 
logical ehemiftry,  for  the  a6tion  of  its  contad 
more  or  lefs  enlarged  or  in  other  ii^nces  kept 
off  and  prevented  in  the  preparation  of  a  great 
number  of  produ^  of  the  arts  and  of  medi- 
cine. A  great  number  of  examples  of  thefe 
multiplied  applications  will  be  given  as  we  pro-* 
ceed. 


Articxe  VL 

Concerning  Azote  and  Azote  Ga^» 

1.  AZOTE  is  a  fimple  body  in  the  fame  con- 
dition with  regard  to  ^s  as  oxigen ;  it  cannot 
be  obtained  in  a  ftate  of  purity.  It  is  always 
either  fufed  in  caloric  in  the  form  of  gas;  when 
it  has  the  jiame  of  azote  gas ;  or  liquid  and  folirf 
in  certain  natural  and  artificial  compounds.  If 
it  exifts  alone,  either  in  the  folid  or  liquid 
form,  in  nature,  it  has  hitherto  eluded  the  re- 
fcarches  of  chemifts. 

S.  Like  oxigen,  azote  remained  for  a  long 
lime  unknown :  its  difcovery  has  not  even  been 

a  dire6l 
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a  diteft  confequence  of  that  of  moft  of  the 
Qther  elaftic  fluids.  The  moft  celebrated  fo* 
reign  philofophers  long  confounded  it  with  ex- 
haufted  air,  changed  air,  or  rather  have  for  a 
long  time  believed  that  it  was  only  air  infe6led 
by  phlogifton,  becaufe  they  knew  and  examined 
it  only  in  the  refidue  of  common  air  which  had 
feryed  for  combuftion  and  refpiration ;  and  be-^ 
paufe  they  fuppofed  it  to  be  the  conftant  pro- 
dud  of  this  alteration  of  the  air,  and  that  this 
alteration  confifted  in  a  furcharge  of  an  ima- 
ginary principle  named  phlogifton,  they  for  a 
long  time  denominated  this  fubftance,  which 
tljey  only  knew  in  the  gafeous  ftate,  phlogifti-j 
cated  air.  - 

3.  Lavoifier  is  the  firft  chemift  who  imagined 
and  proved,  by  his  accurate  experiments  on 
combuftion,  that  azotic  gas  is  contained,  or  exifts 
ready  formed  in  atmofpheric  air ;  that  combuf- 
tible  bodies  contribute  nothing  to  its  format 
tion ;  that  they  only  fet  it  free,  or  infulate  it, 
or  feparate  it,  by  abforbing  the  oxigen  and  di- 
minifliing  the  volume  of  common  air ;  tjiat  it 
is  entitled  to  a  peculiar  name,  diftinft  from  all 
the  other  elaftic  fluids.  To  diftinguifli  it  ac- 
curately inftead  of  confounding  it  with  the 
other  mephitic  gafes,,  and  particularly  with  the 
carbonic  acid,  which  has  long  been  diftinguifhi 
ed  by  that  name  under  the  gafeous  form,  La-r 
voifier  firft  called  it  atmofpheric  mofette,  of 
ine|)hi|:es,  after  the  Italian  word  given  to  dele-? 
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terious  gafes,  which  are  difengagcd  from  the 
earth,  and  collefted  in  its  cavities. 

4.  Citizen  BerthoUet  afterward  fhowed  that 
the  bafe  of  this  gas  enters  into  the  combination 
of  many  folid  and  liquid  fubftances.  M.  Ca- 
rendifli  difcovered  it  in  an  acid  very  frequently 
ufed,  and  which  will  foon  be  treated  of.  I  have 
myfelf  made  a '  very  confiderable  feries  of  re- 
fearches  concerning  the  combinations  of  this 
principle,  and  its  difengagement  during  the 
combuftion  of  the  different  fubftances  which 
contain  it  In  confequence  of  all  thefe  invef- 
tigations,  the  French  chemifts,  perceiving  the 
neceffity  of  claffing  this  fubftance  among  thofe 
which  nature  employs  in  many  of  her  com- 
pounds, and  of  ftudying  its  properties  and  at- 
tra6lions  with  care,  have  diftinguiflied  it  by  the 
name  of  azote.  Some  foreign  chemifts  have 
propofed  to  give  to  it  the  name  oi  fepton  :  it 
will  be  feen  on  what  foundation  this  laft  propo- 
fition  is  grounded, 

5.  Nature,  has  witliout  doubt,  placed  azotq 
among  its  elements,  or  the  primitive  fubftances 
moft  iifeful  to  her  views  and  phenomeiia,  becaufe 
Ihe  has  expanded  fo  great  a  quantity  of  it  on 
the  furface  of  the  globe,  and  becaufe  ilie  has 
formed  of  it  0,73  of  the  atmofphere  of  the  earth. 
Common  air  containing  almoft  three  tinier  as 
much  azote  in  the  ftate  of  gas  as  of  oxigeri 
under  the  fame  form,  there  is  reafonto  believe 
that  it  is  of  ufe  in  very  multiplied  and  very  im- 
portant purpofesj-  aftd  that  chcmiftrj  is  yet 
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very  far  from  having  determined  the  whole  of 
them. 

6.  Since  azotic  gas  is  coiitained  ready  form- 
ed, and  in  very  great  abundance  in  atmdfpheric 
air,  it  is  evident  that  all  the  proceffes  of  che- 
miftry,  by  which  oxigen  is  abforbed  by  caufmg 
it  to  lofe  the  form  of  gas,  may  ferve  to  obtaia 
azotic  gajs,  provided  they  completely  feparate 
from  it  the  principle  of  combuftion.  But 
though  the  means  of  infulating  azotic  gas  are 
very  multiplied  in  theory,  becaufe  all  the  com? 
buftible  bodies  and  all  the  refpiring  animals 
appear  to  accomplifh  this  purpofe ;  yet  fince  the 
greater  number  of  thefe  bodies  either  do  not 
carry  off  the  laft  proportions  of  oxigen,  or  are 
completely,  or  in  part,  fufed  in  gafeous  oxigen, 
the  number  of  combuftibles  which  are  of  ufe 
fuccefsfuUy  to  infulate  and  enable  us  to  ob^ 
tain  azotic  gas  feparate,  is  very  inconfide* 
rable. 

7-  According  to  the  procefs  of  Lavoifier,  the 
pyrophorus,  a  fpecies  of  combuftible  fulphurat* 
e,d  carbonaceous  produ6i;,  which  will  be  fpoken 
of  more  fully  in  another  fedion,  is  ufefui  for 
obtaining  atmofpheric  azotic  gas  by  abforbing 
all  1;he  oxigen ;  but  it  forms  a  gafeous  acid, 
which  muft  be  carried  off  before  the  azotic  gas 
can  be  had  very  pure.  If  it  were  poffible  to 
burn  phofphorus,  or  a  nietal  in  the  air,  without 
extraordinary  care  and  expence,  very  pure 
Azotic  gas  might  be  thus  procured;  becaufe 
tfeffe  fiwple  combuftibles  fix  ajl  the  oxigen :  but 

thefc 
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thefe  proceffes,  being  attended  with  much  lols^ 
and  being  too  tedious  and  delicate  for  practice, 
cannot  be  employed  with  advantage. 

8.  Scheele  has  made  a  difcovery  relative  to 
the  art  of  obtaining  pure  azotic  gas,  of  which 
he  himfelf  did  not  know  the  full  value :  in  the 
hands  of  the  French  chemifts,  it  has  become  one 
of  the  beft  proceffes  for  obtaining  that  product 
A  fpecies  of  combuftible  preparation  which  will 
be  defcribed,  in  one  of  the  following  articles, 
under  the  name  of  earthy  or  alkaline  fulphuret, 
is  diffolved  in  water ;  with  this  folution  the 
eighth  part  of  a  great  flafk,  or  bottle  of  the  ca- 
pacity of  feveral  litres  is  filled ;  the  reft  is  full 
of  air;  the  veffel  is  well  corked,  and  reverfed ;  the 
opening  at  the  bottom  is  plunged  into  another 
veffel  full  of  \vater,  in  order  to  intercept  all 
communication  with  the  atmofphere.  After 
fome  days,  the  fulphurated  folution  is  found  to 
have  abforbed  all  the  oxigen  of  the  air.  If  the 
flafk  be  uncorked  under  the  water,  this  fluid 
afcends  and  replaces  the  abforbed  oxigen ;  it  is 
found  that  about  the  fifth  of  the  volume  of  th0 
gas  has  difappeared;  the  refidue  of  the  gas  is 
then  well  waihed  by  agitating  pure  water  in  the 
veffel,  and  this  refidue  is  the  pure  azote  gas. 

9.  Citizen  Berthollet  has  difcovered  a  Ihort- 
er  and  Ampler  procefs  to  procure  this  gas,  which 
is  abundantly  contained  in  the  flefh  of  animals : 
he  difenga^s  it,  by  treating  this  fubftancd 
with  weak  nitric  acid  in  a  fuitable  apparatus.  A 
cunfiderable  i^uantity  of  azotic  ga$  is  obtained 

by 
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by  this  means  :,  I  have  fmce  difcovered  that  it 
^xifts  pure  in  the  natatory  veffels  of  the  carp. 
It  is  fufficient,  therefore,  when  a  great  number 
of  thefe  veffels  can  be  procured,  which  is  not 
difficult  in  the  fifli  niarkets,  to  break  this  mem*^ 
brane  in  the  pneumato-chemical  apparatus  un- 
der veffels  iilled  with  water ;  the  azotic  gas 
efcapes,  rifes;  and  is  collefted  in  the  upper  part 
of  the  veffels.  In  whatever  manner  azote  gas  is 
obtained,  if  it  be  well  prepared,  it  poffeffes,  in 
every  inftance,  conftant  and  charaQ;erifiic  pro* 
perties, 

10.  Azote  gas,  the  neareft  poffible  to  theftate 
of  purity  in  which  azote  can  be  fuppofed,  be-^ 
caufe  it  is  only  combined  with  caloric,  has  all 
the  apparent  properties  of  atmofpheric  air ;  it 
has  an  infipid  animal-like  fmell ;  it  has  no  fen- 
fibletafte ;  its  weight  is  a  little  lefs  than  that  of 
atmofpheric  air;  it  weighs  nearly  one  hundredth 
and  a  half  lefs  than  tl^at  fluid.  The  decimetre 
cube  of  this  gas  weighs  nearly  1 1,90  decigrams, 
and  the  cubic  metre  nearly  11,90  heftograms 
(the  cubic  inch  of  France,  a  little  more  thaii 
0,44'  of  a  grain ;  the  cubic  foot,  one  ounce,  two 
gros,  forty-three  grains,  according  to  Lavoi^^ 
fier).  It  is  for  this  reafon  that,  of  two  lighted 
tapers  in  a  receiver  full  of  air,  the  moft  elevated 
is  firft  extinguiflied. 

:  J 1.  When  an  inflamed,  or  burning  body,  is 
plunged  into  azote  gas,  the  combuftion  isquick-^ 
Jy  ftopped,  and  the  inflamed  body  is  extin- 
guifhed  ^s  if  in  water :  an  animal  is  no  lefe  ra-f 

jpidly 
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pidlj  deprived  of  life.  If  neither  of  thefe  re* 
'main  in  this  deleterious  gas  till  it  has  loft  a  cer- 
tain elevation  of  temperature,  the  one  is  again 
kindled  with  explofion,  and  the  other  is  fud^ 
denly  recalled  to  life,  by  placing  them  in  oxi^ 
gen  gas.  Azotic  gas  being  neither  combuftible 
iior  refpirable  in  its  own  nature,  is  therefore 
oppofed,  under  this  point  of  view,  to  oxigea 
gas.  That  fubftahce  was  formerly  named  vital 
air,  this  by  oppofition  was  named  at  firft  azote 
gas. 

12.  No  fubftance  yet  known  poffeffes  the 
property  of  fixing,  or  precipitating  from  its  fol-^ 
vent,  azote  in  the  ftate  of  gas  ;  at  leaft  this  pro-^ 
perty  has  not  yet  been  difcovered  in  any  fub- 
ftance. It  is  for  this  reafon  that  chemifts  caa 
make  but  few  experiments  on  this  elaftic  fluid ; 
^nd  that  excepting  the  negative  fafts  of  extin^ 
guiihing  lighted  candles,  of  killii\g  animals,  of 
^lot  being  abforbed  either  by  water,  by  the  acids, 
or  by  the  alkalis,  of  not  altering,  in  any  man- 
■  ner,  certain  vegetable  colours,  fafts  by  which 
thi3  gafeous  body  is  diftinguifhed  from  all 
others,  and  which  chara6lerife  it,  theie  is  no 
procefs  known  to  determine  the  properties  of 
azote  in  this  ftate,  becaufe  nothing  can  deprive 
it  pf  caloric,  and  caufe  it  to  lofe  its  gafeou* 
form. 

J  3.  Azote  gas  does  not  aft  in  any  manner 
on  light,  neither  does  light  aft  in  any  manner 
on  it.  It  is  dilated  by  caloric,  in  a  relation 
yjjjcj:^  is  not  vet  determined,  but  without  chang- 
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ing  its  nature.  It  is  not  united  with  oxigen 
in  the  ftate  of  elaflic  fluid:  mixed  with  oxi- 
genous  gas,  it  forms  common  air  in  the  propor- 
tion of  0,73  to  0,27  of  the  oxigen  gas;  added 
to  atmofpheric  air,  it  renders  it  very  dangerous 
to  animals,  when  its  proportion  exceeds  the  third 
of  that  which  cxills  already  in  that  air ;  refpired 
in  a  mixture  above  that  laft  proportion,  it  di- 
miniflies  the  vital  adivity,  irritability  and  heat: 
phyficians  have  begun  to  mix  it  thus  with  air  tb 
caufe  it  to  a6l  as  debilitating,  cooling,  and 
afthmic. 

14.  Though  it  is  certain  that  oxigen  and 
lizote  gas,  merely  mixed,  form  fpecies  of  com* 
mon  air  in  variable  proportions,  it  is,  never-^ 
thelefs,  proved,  that  each  of  thefe  bodies  when 
folid  or  liquid,  and  particularly  azote  in  the 
nafcent  ftate,  that  is  to  fay,  before  it  is  difen* 
gaged  from  bodies,  and  has  affumed  the  form 
of  gas,  abforbs  oxigen  in  the  gafeous  ftate. 
When,  under  this  laft  circumftance,  the  quan- 
tities of  a  mixture  of  thefe  two  gafeous  bodies 
arc  fo proportioned,  that  the  oxigen' gas  confti- 
tutes'0,7,  and  azote  gas  0,5  in  weight,  and  they 
are  expofed  to  eledric  dilcharges,  or  fparks ;  in 
cither  cafe,  one  or  both  of  the  gafes  lofe  their 
claftic  form,  become  fixed,  and  unite  in  fuch  a 
manner  as  to  form  a  fpecies  of  acid  known  by 
Ihe  name  of  lutric,  as  will  be  explained  more 
fully  in  the  article  of  that  acid  in  the  third  fec- 
tion.    This  fefult  alone  proves  that  azote  ap* 

proximates 
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proximates  to  combuftible  bodies,  and  ought  to 
be  placed  in  that  clafs. 

15.  It  would  be^^ifficult,  in  this  place,  to  treat 
of  the  properties  communicated  by  azote,  'fixed, 
liquid  or  folid,  to  the  compounds  of  which  it 
forms  one  of  the  conftituent  principles ;  befides 
which  this  would  not  have  the  advantage  which 
the  like  information,  concerning  oxigen,  has 
prefented,  becaufe  the  fmall  number  of  known 
combinations  of  which  azote  forms  a  part,  do 
not  offer  thefe  charafters  of  general  properties 
fimilar  to  thofe  found  in  oxigenated  bodies,  all 
which  refemble  each  other  in  fuch  a  manner  2t$ 
to  form  a  fyftem  of  comparative  compounds; 
It  is  fufficient  therefore  to  obferve,  that  azote 
cxifts  in  a  fpecies  of  alkali ;  that  it  is  abun** 
dantly  fixed  in  animal  matters,  and  in  fome  ve- 
getable fubftances- ;  and  that  it  gives  them  cer- 
tain properties  which  will  be  appreciated  in 
another  article* 

16.  We  pofiefs  too  few  fa6ls  to  enable  us  to, 
compare  the  knowledge  acquired,   coftcemin^ 

.  azote  and  azotic  gas,  with  that  which  has  been 
colleded  concerning  oxigen  and  oxigen  gas. 
Chemiftry  has  fcarcely  commenced  the  exami-^ 

nation  of  the  fir  ft  of  ihefe  bodies,  and  has>  ne^ 
Ycrthelefs,  made  capital  difcoveries  on  many  of 
its  combinations:  but  much  more  ftill  remai'UJi 
to  be  dooe ;  and  the  abundance  with  which  nof- 
ture  has  diffufed  azote  in  the  atmo^here,  H 
truth  to  which  the  meditations  of  philofophers 
oannot  too  ftrongly  be  dired:edy  announces  that 

this 
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of  this  elaftic  fluid,  and  properly  diftingulfhed 
it  from  all  others,  liy  colleamg  feparateiy,  and 
diftinguifhing  its  properties.  M,  M;  Prieftley^ 
Sennebier,  and  Volta  then  ftudied  it  with  care 
in  moft  of  its  combinations.  It  was  then  called 
inflammable  air,  or  inflammable  gas.  In  1787f 
by  admitting  it  as  formed  of  a  fimple  fubftance 
fufed  in  caloric,  and  by  carefully  diftinguiihing 
its  bafe  from  the  gas  itfelf,  the  pneumatic  che- 
mifts  of  France  have  chara6ldrifed  it  by  the 
urotds  hidrdgen  gas,  and  hidrogen. 

5.  It  is  not  among  natural  prodn6ls  that  hi- 
drogen gas  is  to  be  colle6ted.  That  which  is 
abundantly  difengaged  from  beds  of  foffil  coal, 
moiftened  or  expofed  to  the  air,  of  putrid  vege^ 
tables,  at -the  bottom  of  ftagnant  waters,  of 
ponds,  ofmarfhes,  of  peat  foil,  contains  but  a^ 
fmall  quantity  of  pure  hidrogen  gas^  It  con- 
tains many  different  fubftances  in  folution,  and 
its  properties  vary  Angularly  according  ^o  the 
number  and  the  proportion  of  thefe  fubftances. 
It  is  the  fame  with  what  exhales  from  flaming 
volcanos,  red  lava  flowing  into  water,  and  from 
falphureous  mineral  waters.  It  will  be  feen 
hereafter,  that  thefe  gafes  are  rather  different 
fpecies  of  inflammable  gafes,  of  which  hidrogeu 
gas  indeed  conftitutes  the  bafe,  but  in  which^ 
this  gas  is  as  the  folventof  many  different  mat- 
ters, and  in  various  proportions. 

6.  To  obtain  the  purefl:  hidrogen  gas,  or  ra- 
ther  the  leaft  pqflibly  impure,  becaufe  it  is  a 
problem  ftiU  unrefolved  in  chemiftry,  to  oIn 

tain 
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tain  it  in  a  ftate  of  perfeft  purity,  the  aftion  of 
water  on  ignited  iron,  or  a  very  gentle  folutiou 
of  iron  or  zinc  in  the  diluted  fulphuric  or  mui- 
riatic  acid  are  ufed.  During  the  mutual  aftion 
of  thefe  matters,  and  by  the  force  of  eleftive  at- 
tra6lions,  which  will  be  explained  in  the  fixth 
fedion  of  this  work,  the  hidrogen  gas  is  difen- 
gaged  and  coUefted  in  a  fuitable  apparatus ;  that 
is  to  fay,  in  glafs  jars,  or  flalks  full  of  water,  in- 
verted on  the  flielf  of  the  pneumatic  trough, 
under  which  are  the  extremities  of  the  tubes 
proceeding  from  the  bottles  where  the  folutions 
are  iaverted.  All  the  other  operations  in  which 
inflammable  gafes  are  obtained,  fuch  as  the  dif- 
tillations  of  organic  matters^  give  but  very  im- 
pure ,  hidrogen  gas,  from  which  the  different 
fubftances  which  contaminate  it  cannot  be  fe- 
parated. 

7-  Hidrogen  gas  obtained  by  the  two  general 
proceffes  here  pointed  out,  and  of  which  the  de- 
compofition  of  water  is  the  common  fource,  as 
I  have  elfewhere  proved,  and  as  the  word  hidro- 
gen and  hidrogen  gas  announce  (which  words 
alfo  exprefs  the  faQ;  of  its  difengagement  from 
water  of  which  it  is  one  of  the  principles,  or  its 
/refolution  into  water  when  it  becomes  fixed 
into  cornbinations),  has  not  any  vifible  differ- 
eiiQC  from  common  air  or  any  other  gas, 
when  it  is  enclofed  in  tranfparent  veffels.  Ne- 
vertheleft,  by  the  rapidity  with  which  it  is  difen- 
gfiged  and  elevated  in  large  globes  above  the 
V^9.ter,  which  it  tiaverfes  much  more  quickly 
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than  any  of  the  other  infoluble  gafes  do,  and 
in  particular  than  oxigen  gas,  common  air  and 
azotic  gas,  we  may  to  a  certain  point  diftinguifh 
and  afcertain  them.  This  quick  difengage- 
ment,  this  accelerated  afcenfion  depend  on  its 
great  levity, 

8.  When  it  is  as  pure  as  poflible,  hidrogen  gas 
weighs  only  one-thirteenth  part  of  common  air : 
it  is  feldom  that  it  is  obtained  fufficiently  pure 
to  poflefs  this  levity.  Its  ufual  weight,  accord- 
ing to  the  experiments  of  Lavoifier,  is  fuch  that 
a  cubic  decimetre  of  this  gas  amounts  to  more 
than  0,94  of  a  decigram  ;  confequently  a  cubic 
metre  weighs  0,94  of  a  he6logram.  (The  French 
cubic  inch  of  hidrogen  gas  weighs  nearly  0,035 
of  a  grain;  and  the  cubic  foot  61,15  grains.) 
It  is  from  this  lightnefs,  mod  commonly  from  9 
to  1 1  exceeding  that  of  air,  that  the  afcenfion 
of  acroftatic  machines,  or  of  filken  bags  which 
contain  it,  in  the  air  of  the  atmofphere,  origi- 
nates, and  it  is  to  this  magnificent  difcovery  of 
France  tliat  philofophy,  which  already  owes  to 
it  the  aggrandizement  of  the  power  and  domi- 
nion of  man,  will  hereafter  owe  to  it  the  know- 
ledge of  the  phenomena  of  the  atmofpliere,  and 
the  creation,  as  well  as  the  perfecting  of  me- 
teoric clicmiftry.  On  account  of  its  lightnefs, 
it  may  be  contained  in  open  and  reverfed  vef- 
fels ;  but  if  their  mouths  be  turned  up,  it  rifes, 
and  is  quickly  replaced  by  the  common  air.- 

9.  Hidrogen  gas  is  alfo  diftinguiflied'fromdl 
the  others  by  its  particular  odour.     Though  it 

has 
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has  been  difcovered  by  experience  that  its  odour 
is  flugularly  augmented  by  the  folution  of  fome 
combuftible  bodies  which  it  conceals  fo  fre* 
quently  under  its  gafeous  form,  it  is,  neverthe* 
lefs,  certain,  that  it  is  itfelf  poffefled  of  a  .weak 
fmell,  confidelably  refembling  that  which  che- 
mifts:have  always  diftinguilhed  by  the  name  of 
empyreumatic,  becaufe,  in  effeft,  it  is  to  its  fuptr-. 
abundance,  and  to  its  difengagement  that  the 
oils, -defcribed  by  that  name,  owe  their  odo- 
rant  charaften  .  .  * 

10.  Asfoon  as  any  inflamed  body  approaches 
hidrogen,  placed  in  contaQ;  with  air,  it  takes^ 
fire,  burns  more  or  lefs  calmly,  without  crack- 
ling, with  a  white  flame,  the  colour  of  which  is 
apt  to  vary  by  the  leaft  quantity  of  foreign  mat- 
ter held  in  folution  in  this  gas.  Tapei's,  can- 
dles, paper,  wood,  when  lighted,  communicate 
to  it,  even  at  the  inftant  of  contafl;,  their 
jflame,  and  that  at  every  temperature.  The  elec- 
tric fpark  equally  inflames  it.  Charcoal  and 
the  metals  Avhen  ignited,  do  not  inflame  it. 
As  it  is  the  lighteft  of  all  combuftible  bodies,  it 
is  alfo  the  moft  quickly  burned.  The  mere 
contadl  of  caloric  or  of  light,  infulated  from 
ea^h  other,  do  not  caufe  it  to  take  fire.  The 
firft  dilates  or  rarefies  it  in  a  proportion  which 
is  not  yetknow^n.  The  fame  is  the  cafe  with 
the  xefradion  which  it  caufes  the  rays  of  light 
to  exj>erience :  though  it  is  admitted  to  be  fu- 
perior  in  proportion  to  its  denfity,  and. more 
proportionate  to  that  of  its.  combuftibility,  no 
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accurate  experiment  yet  permits  us  to  pro- 
nounce concerning  this  important  objeft.  No 
preffure,  however  condenfible  this  gas  may  be, 
can  Separate  hidrogen  from  its  folvent,  and  en- 
able us  to  obtain  it  feparately. 

1 1 .  The  properties  already  indicated  in  hi* 
drogen  ga&(Nos.  7,  8,  9,  and  10),  prove  that  it 
is  this  which  is  fometimes  difengaged  in  abun- 
dance from  the  furf ace  of  the  earth,  elevated  in 
the  fuperior  regions  of  the  atmofphere,  and  there 
colleded  in  maffes  more  or  lefs  confiderable^ 
which,  by  their  fudden,  rapid,  or  fucceffive  in- 
flammation, produce  the  different  luminous  me- 
teors, fuch  as  lightning,  thunder,  aurora  borealis, 
globes  of  fire,  falling  ftars,  fireams  of  light,  &€• 

1 2.  Hidrogen  gas  is  not  of  itfelf  deftrufili ve 
to  animal  life.  Scheele  firft  refpired  it  feveral 
times  fucceffively  without  danger  and  almoii 
without  uneafinefs.  Other  cheraifts  and  philo- 
fophcrs  have  fince  repeated  this  experiment  with 
fuccefs.  It  therefore  depends  on  the  fenfibility 
of  individuals-  When  living  animals,  are  kept 
immerfed  in  hidrogen  gas,  they  are  rendered  tor* 
pid,  and  killed,  rather  from  the  want  of  oxigen, 
than  from  the  injurious  impreflion  of  this  ga^. 
It  is  more  eafily  refpired,  when  mixed  with  ox- 
igen gas  or  common  air.  The  blood  of  animals 
which  have  periflied  by  torpidity  in  hidrogen 
gas,  is  of  a  deep  violet  colour  almoft  Hack; 
their  heart  and  mufcles  have  loft  all  their  irrita- 
bility. The  caufe  of  thefe  phenomena  wiU  be 
explained  in  one  of  the  laii  fe&ious  of  this  work. 

•  -  Hidrogen 
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Hidrogen  gas  is  of  no  more  affiftance  to  combuf- 
tion  than  to  refpiration.  Lighted  or  inflamed; 
bodies  plunged  in  it  are  immediately  extin.-* 
gnifhed. 

13.  Hidrogen  gas  experiences  no  afilion  on 
the  part  of  oxigen  gas ;  and  thefe  two  fluids 
mixed  in  every  proportion  do  not  unite  at  leaft 
without  remaining  very  long  together :  yet  thii 
laft  fa6l  is  not  completely  verified.  But  if,  when 
thefe  two  gafes  are  mixed  in  the  proportion  of 
nearly  one  part  (in  volume)  of  oxigeu  gas,  with 
two  parts  of  hidrogen  gas,  or  more  exaftly  by 
weig4it  0,85  parts  of  the  firft,  and  0,15  parts  of 
the  fecond,  an  inflamed  body  be  placed  in  con* 
ta6l  with  the  mixture ;  or  if,  in  the  very  centre 
of  this  mixture,  an  eleftric  difcharge  be  excited, 
fo  rapid  a  combuftion  will  take  place,  that  the 
air  will  be  (truck  with  force,  and  a  violent  de- 
tonation will  be  produced.  In  making  this 
experiment  in  clofe  veflels  over  mercury  or  wa* 
ter,  there  is  fcarcely  any  refidue,  and  if  the  met- 
fures  be  exaft,  abfolutely  nothing  in  the  gafeous 
form.  Both  of  them.are  converted  by  the  inti- 
taate  combination  of  the  two  bafes,  oxigen  and 
hidrogen,  into  pure  water  which  correfponds  t9 
the  whole  weight  of  the  two  combined  fluids. 
It  is  from  this  beautiful  experiment,  made  an^ 
many  times  repeated  with  all  imaginable  care, 
that  the  French  chemifts  have  concluded,  as 
will  be  more  completely. detailed  under  the  ar^ 
ticle  of  tvater,  that  this  body  is  a  compound  of. 
0^85  of  oxigen,  and  0,15  of  hidrogen. 

14.  As 
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14.  At  it  is  well  proved  that  common  air  docs 
not  fuppoTt  combuftiou  but  by  means  of  the 
oxigen  gas  which  it  contains,  it  is  eafy  to  com- 
prehend that,  in  order  to  burn  a  given  quantity 
of  hidxogen  gas,  it  is  neceffary  to  mix  with 
it  a  larger  quantity  of  atmofpheric  air  than  of 
oxigen  gas ;  namely,  till  the  proportion  of  the 
latter,  contained  in  the  common  air,  be  fuch 
tiiat  it  ihall  be  nearly  fix  times  4:he  bulk  of  the 
liidrogen  gas:  Thus,  to  burn  rapidly  or  to 
caufe  to  detonate  two  meafures  of  hidrogen 
gas,  as  in  the  experiment  No.  13,  it  is  necef- 
fary,: inftead  of  one  meafure  of  oxigen  gas,  to 
add  nearly  five  parts  of  common; air.-  The  de- 
tonation has  then  nearly  the  fame  force;  all  the 
hidrogen  is  burned  and  converted  into  water, 
and  there  is  only  found,  in  the  aerifoiTu  refidue 
which;  remains  after  the  operation,  the  azotic 
gas  which  exifi:ed  in  the  atmofpheric  air.  On 
this  is  founded  the  conftruftion  of  tlie  eudiome- 
^r  of  Volta,  a  philofopher  and  prbteflbr  at  Pa- 
via.  It  is  a  tube  in  which  is  inflamed,  by  the 
eleftric  fpark,  difl^erent  mixtures  of  hidrogen 
gas,  and  of  the  refpirable  airs  which  are  intend- 
led  to  be  tried.  When  the  detonation  is  made, 
the  water  is  permitted  to. rife  into  the  empty 
fpace,  and  the  natureof  theair  which  is  exaniin- 
ed' is  judged  from  the  diminution  of  volume, 
'But  this  procefs  is  ftill  mare  ufeful  to  (explain  the 
liiverfity  of  the  compound  hidrogenousi  gaifts, 
and  Citizen  BeithoUet  has  employed   it  with 
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fuccefs  for  that  purpofe,   as  will  be  ihowii  elfc- 
where. 

15.  Since  all  the  preceding  fads  prove  that 
hidrogen  gas  is  eminently  diftinguiilicd  from 
every  other  gafeous  body  by  its  inflammability, 
and  from  other  combuftible  bodies  by  the  water 
which  it  forms  when  combined  with  oxigen,  it 
follows,  that  during  this  laft  combination  which 
takes. place,  as  has  been  feen,  by  the  contaft  of 
another  inflamed  body,  or  by  theeledric  fpark, 
whiift  the  two  gafes  lofe  their  elaftic  form,  their 
bafes  approximate  and  condenfe  into  an  aque- 
ous liquid,  and  that  as  they  combine  there  muft 
bedifengaged  a  quantity  of  light  and  of  caloric 
proportional  to  the  ftate  of  denfity  which  they 
acquire,  and  to  the  capacity  for  caloric  which 
they  aflume.  Lavoifier  and  La  Place  have 
eftimated,  by  their  calorimetric  experiments,, 
that  one  part  (one  pound  French)  of  hidrogen 
gas,  abforbing  in  its  comb uft ion  more  than  five 
parts  and  a  half  (five  pounds,  ten  ounces,  five 
gros,  twenty-four  grains)  of  oxigen  gas,  difen- 
gaged  from  the  latter  a  quantity  of  caloric  ca- 
pable of  f  ufing  nearly  300  parts,  (295  pounds, 
2  ounces,  Si-  gros)  of  ice  at  0.  Having  proved 
bcfides  by  other  experiments,  which  I  fliall 
mention  under  the  article  of  phofphorus,  that 
this  laft  combuftible  body,  which  difengages 
the  greateft  portion  of  caloric  from  oxigen  gas, 
and  abforbs  it  as  folidly  as  poflible,  may,  in 
efFeft,  difengage  from  the  fame  quantity  of  ox- 
igen  gas,   a  proportion  of  caloric  capable  of 
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fuiing  more  than  yn  parts  (377  pounds,  12 
ounces,  3  gros)  of  ice,  there  muft  remain  in  the 
water  a  quantity  of  caloric,  reprefented  by  more 
than  82-I-  parts  (82  pounds,  9  ounces,  7t  gros) 
of  ice  at  0,  that  is  to  fay,  in  each  part  (pound) 
of  water,  a  portion  fufficient  to  fufe  1  SL\  parts 
(12  pounds,  5  ounces,  2  gros,  48  grains)  of 
lice.  Thefe  able  philofophcrs  do  not,  however, 
reckon  the  caloric  contained  in  the  hidrogen 
gas,  of  which  a  great  part  is  undoubtedly  dif- 
engaged,  iince  this  gas,  in  liquefying  into  wa* 
ter,  acquires  an  increafe  of  denfity  equal  to  850 
X  13  =  11050  more  than  its  bafe  pofTeffed 
while  fufed  in  caloric ;  for  the  weight  of  the  hi- 
drogen ous  gas  is  to  that  of  the  air  as  13  :  1,  and 
the  weight  of  air  to  that  of  the  water  as  850  :  1 . 
Whence  it  follows,  that  the  oxigen  truly  re- 
tains in  the  ftate  of  water  much  more  caloric 
than  they  have  announced,  fince  what  they 
have  meafured  by  the  calorimeter  was  partly 
derived  from  the  hidrogen  gas.  But  it  will  be 
feen  hereafter  that  azote,  in  uniting  with  oxi- 
gen gas,  difengages  from  it  a  quantity  of  calo- 
ric much  fmailer,  and  retains  much  more  of  it 
in  its  acid  combination. 

16.  Though  hidrogen  gas  unites  with  Oxigen 
gas  only  by  the  effecl  of  combuftion,  excited  by 
the  conta6t  of  an  inflamed  body,  yet  the  hidro- 
gen, fixed  in  a  great  number  of  combinations 
even  folid,  to  which  it  gives,  a^  will  be  feen  in 
the  feftions  of  vegetable  and  animal  cotn- 
pounds,   their  combuftibilty,    volatility,    oily 
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form,  and  frequently  levity,  &c.,  at  the  moment 
when  it  begins  to  be  difengaged  by  the  firft  ef- 
feds  of  their  very  eafy  decompofition,  into  thrt 
ftate  which  modern  chemifts  have  called  nafcent 
hidrogen  gas,  that  is  to  fay,  at  the  very  inllatit 
when  it  tends  to  affume  the  gafeous  form,  it  aln 
forbs  veryeafily,  and  fixes  the  atmofpheric  Oxi- 
gen,  compofing  water,  which  is  diffipated  in  va-^ 
pour  in  the  atmofphere,  or  is  collefted  in  little 
drops  on  the  furface  of  the  bodies  which  prefent 
this  phenomenon.  The  whole  influence  of  this 
effe6},  will  be  developed  under  the  hillory  ci 
thofe  fubftances  in  which  it  takes  place. 

17.  Hidrogen  gas  can  only  be  mixed  without 
contrafting  any  chemical  union  with  azote  ga$* 
But  whenever  hidrogen  gas  finds  azote  iii  a 
fuitable  proportion,  and  when  both  tend  to  dif* 
engage  themfelves  from  a  folid  compound  ufual-*' 
ly  complicated,  of  which  they  form  two  confti* 
tuent  parts,  they  unite  intimately  and  form  am*- 
monia,  a  fpecies  of  alkali,  the  properties  of 
which  will  be  examined  in  the  following  fee- 
tion.  Its  formation  is  connefted  with  fo  great 
a  number  of  chemical  fafts,  that  we  may  reckon 
the  difcovery,  which  I  here  announce,  as  one  of 
the  moft  ufeful  truths  which  the  fcience  pof- 
feffes.  We  owe  the  firft  idea  of  it  to  Scheele, 
and,  as  will  be  feen  beloir,  the  exa6l  knowledge 
or  its  true  acquifition  to  Citizen  Berthoilet. 

is.  It  is  almoft  fuperfluous  to  remark^  that 
the  properties,  which  I  have  juft  eicplained  in 
hidrogen  gas^  and  in  hidrogen^  though  iUU 
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abundant  among  natural  combinations.  It  is, 
undoubtedly,  one  of  the  principles  of  which 
nature  difpofes  with  moft  profufion  in  the  for- 
mation of  compounds ;  but  it  is  only  diffemi- 
nated  in  a  great  number  of  points,  and  never 
combined  in  a  mafs  like,  oxigen  and  azote  gas. 
It  appears,  however,  that  though  far  from  a 
ftate  of  purity,  it  exifts,  at  leaft,  under  the  foffil 
form  in  depofitions,  or  beds,  and  veinis  in  the 
interior  of  the  globe. 

4.  Carbon  is  procured,  not  pure  and  feparat- 
ed  from  every  other  body,  but  niore  or  lefs  ap- 
proaching to  purity,. by  decompofing  moft  vege- 
table matters,  by  heat,  efpecially  the  ligneous 
bodies  which  contain  a  great  quantity  of  it. 
It  is  obtained  nearly  difengaged,  or,  at  leaft,  in 
the  ftate  of  charcoal.  The  carbon  is  united  with 
fomc  foreign  bodies,  and  a  little  oxigen,  and  hi- 
drogen,  by  volatilizing  all  the  evaporable  fub- 
ftances  which  are  united  with  it  in  wood,  which 
procefs  conftitutes  the  art  of  the  charcoal  burn- 
er. The  water,  in  ^vhich  trees  are  fuffercd  to 
remain,  produces  the  fame  effc^,  but  more 
flowly  upon  the  ligneous  vegetable  body.  It 
gradually  diffolves  the  different  foluble  mate- 
rials of  that  body,  and  leaves  its  charcoal  free. 

5.  Carbon  infulated  by  mental  abftra;6Hon 
from  the  foreign  fubftances  with  which  it  is 
united  in  charcoals,  appears  to  exift  under  the 
form  of  folid  particles,  of  a  black  fo  determinate, 
as  would  lead  us  to  think  that  it  is  cffentially  of 
that  colour,  and  that  it  communicates  it  to  a 

number 
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number  of  other  bodies.  It  is  the  excefs  of  car- 
bon, as  will  be  feen  hereafter,  which  produces 
the  greater  part  of  .vegetable  colours,  and  which 
alfo  renders  them  durable  and  intenfe.  It  ap- 
pears alfo,  that  it  gives  the  fame  fliade  in  fome 
mineral  compounds  of  which  it  forms  an  effen- 
tial  part,  as  will  be  fecn  in  another  fedion 
where  I  treat  pf  various  ferruginous  compounds* 

But  there  are,  neverthelefs,  reafons  to  think 
that  this  black  colour  of  charcoals  is  not  a  tru^ 
chara6ler  of  carbon,  and  that  it  accompanies  iU 
niikoxk  with  a  fmall  portion  of  oxigen  and  hidro^ 
gen  from  which,  in  its  ilate  of  charcoal,  it  is 
wvey  exempt 

It  will  alfo  be  feen,  hereafter,  that  in  many 
compounds,  carbon,  though  very  abundant^ 
leaver  them  frequently  a  very  brilliant  whit^ 
colour,  like  that  of  cotton,  &c.  Laftly,  the  dia- 
mond which,  under  certain  relations,  as  will 
foon  be  feen,  approaches  fingularly  to  pure  car* 
.  bon,  13  fo  much  the  more  white  and  tranfparent, 
as  it  is  lels  altered  by  foreign  fubftauices. 

6.  Neither  tafte  nor  fmell  arq  diftinguiihable 
in  carbon.  Its  particles,  bowevei-  denfo  their 
aggregation  may  be,  never  poffefs  an  adherence 
fufficicntly  ftjrong  to  prevent  their  being  very 
brittle ;  this  brittlenefe  b  aJfo  greater  in  char- 
coals as  the  carbon  is  moie  contaminaleid  with 
isther  bodies.  It  is  probable  that  the  particles 
of  carbon  always  remain  at  a  very  great  dif- 
taBce  from  eadb  other.  They  do  not  poflefs  the 
property  of  dijCpofiag  themfelves  reg^Uarly,  and 

never 
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never  permit  it  to  aflume  a  cryftalline  fotni 
among  charcoals.  It  is  probably  capable  of 
this  arraiigeinent  when  it  is  very  pure,  as  I  have 
remarked  in  the  hiftory  of  the  diamond. 

• '  •  ■  -  •#    - 

7.  Carbon  ftrongly  abforbs  light,  aa  the  bfecU 
colour  of  charcoal  proves.  It  is  very  fixed  in  • 
heat,  perfeftly  infufible  and  infoluble  by  caloric^ 
and  it  paffes  with  juftice  for  the  moft  reiTa6l:ory 
body  in  nature.  Thus  it  is  frequently  employ- 
cd  as  a  crucible  for  cbntainihg  matters  difficult 
of  fufion,  or,  as  a  fuppdrt,  when  many  bddies 
are  treated  by  the  blbw-'pii*;  As  carbon  is-^a 
bad  conduftor  of  heat,  it  is  ufed  with  fuccefe  to 
line  crucibles,  to  coat  furnaces,  and  confine  the 
heat ;  the  infufible  property  in  this  body  ac- 
companies the  property  of  not  conducing  calo- 
ric. In  many  of  the  arts  this  property  becon^es 
of  the  greateft  utility.  *         -' - 

8.  Though  in  the  cold  and  at  alow  tempera- 
ture, there  does  not  appear  to  exifl:  any  great 
attra6lion  between  oxigen  and  carbon,  and  con- 
fequently  the  charcoal  remains  unalterable  in 
oxigen  gas,  which  it  only  abforbs,  and  retains 
fome  time  between  its  particles  as  it  does  every 
gafeous  body ;  there  are,  however,  a  great  num- 
ber of  cafes  where  charc<)^lj  very  much  divided, 
has  the  property  of  combining  with  this  gas  and 
bf  becoming  gradually  diflblved.  This  is  the  flow 
combuftion  of  the  carbon ;  this  is  what  takes 
place  without  producing  light,  and  without  any 
fenfible  heat,  by  the  contaQ;  of  organic  matters; 
and  of  oxigen  gas  or  common  air.     It  ig  lalfo 

feen 
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feen  among  the  moft  remarkable  phenomena  ^  oF 
refpiration. 

9.  When  the  temperature  of  charcoal  is  raifed 
to  ignition,  and  it  is^  then*  placed  in  contafl; 
with  oxigen  gas,  the  carbon  burns  with  a6livity, 
fparkling,  and  aflightly-brilliant,  but  very  fen- 
fiHe  flanie.  It  quickly  difappears,  becomes 
fufed'in  the  oxigen  gas,  and  cbnfequently  af- 
fumes  the  fluid  elaftic  form.  It  is  found,  that 
twenty-eight  parts  of  carbon  may  thus  difap- 
pear,  or  be  fufed  in  feventy-two  parts  of  oxigen 
gas,  and  that  there  refults  from  this  combuf- 
tion  and  aeriform  folution  of  carbon  which  is 
its  produft,  a  new  gas  rather  lefs  voluminous 
than  the  oxigen  gas  which  gave  its  form,  of  a 
fpecific  weight  almoft  double,  and  which,  as 
carbonic  acid,  will  be  treated  of  iii  the  third 
fefti'on.  ^  '  .  .  •  : 

10'.  "This  combuflion,  one  of  the  moft  beau- 
tiful refults  of  modern  chemiftry,  and  of  the  re- 
fearches  of  Lavoifier,  difengages  from  oxigen 
gas  ftill  much  Icfs  caloric  than  hidrogen  gas 
does,  which  is  proved  not  only  by  the  gafeous 
form  which  carbon  acquires,  and  which  the  ox- 
igen prefervcs  in  that  combination,  but  alfo  by 
the  meafure  taken  by  the  calorimeter.  Lavoi- 
fier and  La  Place  have  found  that  in  the  com- 
buftion  of  carbon  by  oxigen  gas,  a  little  more 
than  two  parts  and  a  half  (2  pounds,  9  ounces, 
i  gros,  10  grains,  French)  of  the  latter,  which 
are  neceflfary  to  bum  and  diflblve  one  part 
(one  pound)  of  carbon^  only  loft  a  quantity  of 

-  .  caloric 
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caloric  repr^ffnt^d  by  niaety^fi^  parts  and  a 
half  (96  pounds,  8  otxnces)  of  fufed  ice,  whilft, 
to  become  folid,  the .  i^me  quantity  of  oxigen 
Ifas  muft  have  loft  a  quantity  repr^fe^ted  by 
paore  than  one  hundred  and  feventy-one  pam 
(171  pound*,  6  ounces  i5  gro$)  of  fufed  ice; 
thus  there  remained  a  proportion  of  caloric  re^ 
prefented  by  nearly  feventy-five  piatrts  (74 
pounds,  14!  ounces,  6  gros)  of  ice^  which  proves 
that  one  part  (one  pound)  of  acid  ga*  which  is 
its  produft,  retains  a  quantity  of  caloric  which 
can  fufe  nearly  twenty-one  patrts  (80  pounds, 
15  ounces,  $  gros)  of  ice.    Thus  the  combuf* 

-  tion  of  carbon  is  one  of  thofe  which  gives 
leaft  heat  and  light,  becaufe  its  produi6i  retains 
a  portion  of  thofe  bodies  which  is  neccflary  for 
it  to  affume  the  elaftic  form  completely. 

11.  What  happens  when  charcoal  is  burned 
in  a  given  quantity  of  common  air,  or  when 

-  that  air  is  not  renewed,  may  be  now  underftood. 
The  ignited  carbon  is  combined  gradually  with 
the  0,27  of  atmofpheric  o^^igen  gsls,  and  be- 
comes diffolved  in  fuch  a  naanner  as  to  lofe  its 
vifible  mafs,  and  only  to  leave  a  few  atoms  of 
its  afhes ;  the  air  muft  diminifli  but  very  little 
of  its  volume,  though  the  carbon,  by  diffolving 
in  oxigenous  gas,  approximately  and  condenfes 
its  particles ;  inftead  of  this  gaa»  tho  air  i^  found 
to  be  fpeedily  chgprged  with  a  gafeoi;^  acid 
mixed  with  azotic  gas,  which  amounti^  to  0,  73. 
Thus  the  air,  vitiated  and  really  deftroyeda  as  to 
its  vital  and  refpirahle  parts*  hy  this  coinhufliQ)^ 

produces 


produces  vety  fatal  accidents*  ^  It  will  be  alfb 
feen  that  other  circumftances,  relative  to  char- 
coal, alfo  augment  its  danger. 

1 2.  There  is  no  known  aftion  between  carbon 
and  azotic  gas.  This  laft  does  not  appear  to 
have  'any  fenfible  attraftion  for  charcoal.  It 
will  be  feen  that  it  combines  with  it  eafily  and 
abundantly,  when  a  third  principle,  hidrogen, 
adds  its^attradion  to  that  of  the  other.  The 
compounds  of  azote,  of  hidrogen  and  carboii, 
which  often  contain  more  or  lefs  of  oxigen,  are 
very  frequent  among  vegetahle  and  animal  mat- 
ters ;  the  pruflic  acid,  an  important  produift 
which  will  be  examined  elfewhere,  is  one  of  its 
compounds. 

1 3.  There  exifts  fo  marked  an  attra6lion  be- 
tween carbon  and  hidrogen,  that  this  compoumi 
named  carbonated  hidrogen,  or  hidrogenated 
carbon,  accordingly  as  the  proportion  is  greater 
in  either,  is  frequently  met  with  among  ve- 
getable compounds.  But,  bfefides  this  attraction 
of  the  radicals,  hidrogen  gas  may  eafily  hold  in 
folution  a  greater  or  lefs  quantity  of  carbon, 
which  happens  whenever  it  is  difengaged  from 
a  fubftance  which  itfelf  contains  carbon  more 
or  lefs  abundant  and  divided.  This  folution, 
which  is  obtained  very  varied,  and  in  a  number 
of  chemical  operations,  from  the  fimple  ex- 
pofure  of  charcoal,  in  a  bell  full  of  hidrogenouS 
gas  to  the  rays  of  the  fun,  (in  which  expofure 
the  charcoal  is  feen  to  diflipate,  and  the  hidroge- 
nous  gas  to  dimiwlh  in  volume,  in  proportion  ai9 
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it  is  diflblved,)  to  the  rapid  decotnpoiitions  by 
heat,  or  the  flow  and  fpontaneous  change  whick 
vegetable  and  animal  fubftances  undergo  at 
the  bottom  of  :>vaters.  In  all  thefe  circiim- 
ftances,  carbonated  hidrogen  gas  is  obtained^ 
Charcoal  itfelf,  when  humid,  or  when  it  has 
been  for  fome  time  immerfed  in  hidiogen  gas^ 
begins,  when  lighted,  to  exhale  through  jfche  atr 
mofphere  this  deleterious  gas,  which  alfo  aug- 
ments the  danger  of  its  combuftion  in  clofc 
places,  - 

14.  Cavbojiated  hidrogen  gas,  formed  fo  eafi- 
ly  in  all  the  conditions .  here  explained,  varies^ 
as  has  already  been  faid,  according  to  the  pro- 
portions of  carbon  whifch  it  contains,  and 
afliimes  properties  vayiedy  alfo  according  to  thefe 
proportions,  in  fuch  a  manner  that  it  has  been 
regarded  and  defcribed  as  if  it  formed  fo  many 
different  inflammable  gafes*  That  which  is 
difengaged  from  ftagnant  waters  and  the  bpgs> 
from  peat,  from  peat-grounds,  privies,  and  finks ; 
that  which  is  obtained  from  the  folution  of 
fome  carbonated  metals  during  their  oxidation 
in  the  weak  acids;  that  which  frequently  exhales 
from  coal  pits,  from  the  mouths  of  volcanos; 
thofe  gafes  which  are  derived  frqm  vegetable  and 
animal  matters  diftilled  at  different  tempera*' 
tures,  from  alcohol,  fi^ni  ether,  from  oils,  treated 
hy  different  re-agents,  particularly  by  the  con- 
centrated acids;— all  thefe  different  inflamma- 
ble gafes,  which  will  be  treated  of  in  many  of 
the  other  articles  of  this  work,  are  carbonated 

hi^ro- 
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hidrogenom  gas,  forming  as  matty  varieties  as 
there  are  different  proportions  of  their  princi- 
ples; and  fometimes  alfo  other  combuftible  mat- 
ters are  added  to  the  carbon,  diffolTed  in  hidro- 
gen  gas,  which  always  forms  its  bafe  or  radical; 
15.  However  riumeroui^  the  varieties  of  car- 
bonated hidrogen  gas  may  then  appear,  as  well 
as  the  properties  which  it  prefents,  there  may 
however,  be  difcovered  in  the  whole  of  thefe 
varieties,  a  feries  of  charaders  which  connect 
them,  and  which  conftitute  them  a  diftincl  ge- 
nus of  compounds.  It  is  very  evident,  that 
we  mufthere  attend  only  to  the  generic  charac- 
ters. Carbonated  hidrogen  gas  is  heavier  than 
pure  hidrogen  gas ;  and  can  but  feldom  be  ufed 
for  inflating  aci'qftatic  machines  ;  it  has  a  fetid 
odour  which  is  fo  much  the  ftrbnger,  as  it  holds 
more  of  carbon  in  folution;  itextinguiihes  in- 
flamed combuftible  bodiefl^tand  more  completely 
ftupifies  animals  than  pure  hidrogen  gas ;  it,  in 
general,  burns  with  lefs  rapidity  th^n  this  laft : 
its  flame  is  often  blue  and  pale;  fometimes  it  is 
red  or  white,  very  brilliant,  and,  as  it  were,  oily. 
It  frequently  depofits  carbon^  diftinguifliable  by 
its  black  colour,  when  treated  by  differei]^t  pro- 
cefTes ;  it  is,  in  general,  more  eafily  and  more 
abundantly  condenfed,  or  abforbed,  by  char-^ 
coal  In  fome  circumftances,  it  fofms  bil,  and 
it  has  then  been  particularly  named  olefiant  ga$. 
It  will  be  again  fpoken  of  in  the  feftions  con- 
cerning vegetable  and  animal  matters,  which  ia 
their  decompofition,  afford  the  molt  numerous 
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and  nit>ft  rem^tkaHt  varieties.  Aa  accurate 
analyfis  has  been  made  of  it  by  cambuftion  in 
the  eudiometric  apparatus  of  Voita :  it  always 
j^qtds,  by  +)uming,  more  or  lefs  of  the  acid 
foniied  by  Carbon  and  oxigen.  ^ 

16.  I  have  now  defcribed  the  general  propei*- 
ties  of  carbonated  hidrogen  gas;  Hiflrogenat* 
ed  carbon  exifts  folid  in  almoft  all  the  charcoab 
which  retain  more  or  iefe  of  hidrogen,  frequents 
ly  united  with  a  Jittle  dxigen*  It  is,  for  thiS' 
Teafon,  that  all  thecharcoals,  burned  in  the  pncu^ 
matico-cbemical  apparatus,  give  o«it  carbonated 
hidrogen  gas  and  carbonic  acid.  It  is  alfo,  foar 
this  reafon^  that,  when  burned  indeterminate 
<iuautities  of  oxigen  gas,  the  charcoals  afford 
^ater  at  the  fame  time  with  xarJDonic  acid. 
'Rie  prefence  of  hidrogen  in  charcoals  explains 
alfo  the  infeOious  o^our,  and  the  pernicious  gas 
which  arife  from  them  in  their  firft  moments  of 
combuftion,  and  when  ttey  begin  to  tafce  fire. 
Thus,  at  pi'efent,  the  vegetable,  and  aaimal 
charcoals  are  confidered  as  oxides,  of  hidroge- 
naUd  carbon.  This  confideration,.  wliixrh  will 
be  rep  relented  hereafter,  leads  us,' as  I  ihall  fhow 
elfe where,  to  refults  of  the  grcateft  importance 
-for  the  explanation  of  a  very  great  number  of 
the  phenomeBia  of  natum  and  the.  arts* 

17r  The  ufes  of  carbon  are  very  numerous  in 
chemiftry  j  its  powerful  attraction  £or  oxigen 
is  Employed  with  great  fuccefs.  After  hidro- 
gen, this  fubftance  attra6ls  it  ipoit  ftrong- 
ly ;  and,  at  high  temperatures,  it  is  the  moil 

ftrongly 
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iRrongly  altFa6ted  by  o;!qgei3L:  it  is,  for  this  rea^ 
fom,  that  I  havf  placed  it  immediately  after  hi- 
drogen,  in  the  arrangement  of  all  the  x:ombufti- 
l>le  bodies  acoording  to  their  eleftive  attraction 
for  that  principle.  It  will  be  feen  in  the  follo>!^^- 
ing  articles,  that  carbon  is  particularly  ufed,  to 
4ifQ3^igenate  many  bume4  bodies^  to  reduce 
them  to  their  fimple  ftate  of  cQRibuftifoility,  and 
to  develop  many  of  thefe  laft.  It  is  no  longer 
doubtful,  even  according  to  the  few  fads  which 
I  havQ  h^n  urged,  to  repeat  in  this  article,  by 
the  order  generally  adopted  in  the  preftnt  w  ork^ 
that  Ciarbojft  is  a  principle  ufed  by  Nature,  form- 
ing th^  greateft  number  of  her  qpmpounds  :  it 
will  b^  proved  hereafter  that  it  conftitutes  the 
bafi^  of  stU  vegetable  fnbftanccs,  and  that  it  pei^ 
forms  a  very  importwt  pajrt  in  the  great  work 

4»f  ftrnmali^^tiosu 


Article  IX. 


Concerning  Phq/phorus. 


\.  Phofphorus  is  the  fourth  (imple  or  unde- 
compofed  convbuftible  fubftance,  placed  in  this 
ie^ion ;  becaufe  azote  muft  be  arranged  among 
thefe  bodies  on  account  of  its  atfepa6tion  and 
combination  with  oxigen.  ?hofphorus  holds 
thg  thii-d-plaoie  anwrng  thefe  matters  (azote  hav*- 
ing  bfien  placed  in  the  firft  place  only,  on  ac- 
iC^Bt  of  itsf  gC'Cat  abundance  in  natuie,  aiid  its 
» ^  cxiftencc 
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cxiftence  in  the  air),  becaufe  it  occupies,  in 
j5ffe6l,  this  rank  in  the  order  of  its  attraftion  for 
oxigen^ 

2.  The  word  phofphorus,  which  implies  the 
bearer  of  light j  has  been  given  to  this  combuf- 
tible  body,  becaufe  it  is  conftantly  luminous  in 
the  air,  and  becaufe  it  is,  of  all  the  fponta* 
neoufly-luminous  bodies,  that  which  emits  the 
greateft  fplendor  for  the  longefk  term  ;  proper- 
ties which  depend  on  its  peculiar  and  combufti- 
ble  nature  ;  whereas  moft  other  luminous  fub- 
fiances  only  poffefsphofphorefeence  as  if  by  ac- 
cident, and  the  greater  part  of  them  exhale  as 
it  were,  the  light  with  which  they  have  been 
penetrated,  The  word  phofphorefceiice,  ex- 
preffing  a  general  property,  ought  then  to  be 
carefully  diftinguiihed  from  that  of  phofphorus 
which  defignates  and  reprefents  a  particular  fub- 
ilance. 

3.  Phofphorus  is  yet  a  new  acquifition  among 
men ;  it  ha^  for  a  long  time  been  unUno>vh  to 
them,  and,  as  it  were,  concealed  from  their  eyes 
by  Nature;  or  if  the  ancients  poffeffed  it,  and 
knew  how  to  extra6l  it  from  its  natural  combina-^ 
tions,  neither  hiftory,  nor  tradition,  have  pre^* 
ferved  ?ny  trace  of  that  difcoyery.'  It  was  to- 
wards the  end  of  the  fev^nfeenth  century  only 
that  this  body  was  difcovered  ;  and  more  than 
fixty  years  of  labour  have  fcarcely  afforded  che- 
mifts  the  knowledge  of  conftaiitly  obtaining  it 
in  fufficient  quantity  to  make  their  experi- 
jiieutSr    And  ftill,  notwithftanding  all  the  im- 

-  provements 


SiMPLE    bodies: — PHOSPHORUS.       i^57 

j^tovgments  which  the  art  of  extrafting  phof- 
phoiHis  has  acquired  during  the  fifty  laft  years 
of  the  eighteeth  century,  we  are  far  from  pof- 
feffing  this  combuilible  body  in  a  quantity  as 
confiderable  as  all  the  others,  and  of  being  able 
confequently  to  employ  it  like  them  in  the  re- 
fearches  of  chemiftry. 

4.  Ah  alchemift  of  Hambur^i,  named  Brandt, 
who,  in  feUrching  for  the  philofopher's  flone 
which  he  did  not  find,  was  the  firfi:  who,  by 
chance,  in  1677,  difcovered  this  phofphorus  for 
which  he  did  not  feek.  The  Angularity  of  this 
new  produft  induced  Kunckel  to  affociate  with 
one  of  his  friends,  named  Kraft,  to  purchafe  the 
fecret  of  its  preparation :  but  this  lafl;  having 
deceived  his  friend  by  procuring  the  fecret  for 
liimfelf,  of  which  Kunckel  knew  nothing  more 
than  fhat  the  phofphorus  was  prepared  from 
urine,  this  philofopher  had  the  courage  to  un*- 
dertake  the  ^vork  of  difcovery.  He,  at  laft, 
fucceeded  in  obtaining  phofphorus,  which  was 
long  called  -the  phofphorus  of  Kunckel,  o»  aC" 
count  of  the  fuccefs  of  his  enlightened  re- 
fearches.  Boyte  paffes  alfo  for  having  difco- 
.vered  phofphonis,  and  having  depofited  the 
procefs  with  the  fecretaty  of  the  ^Royal  Society 
of  London  In  1 680.  In  1 679,  Kraft  brought  a 
fmall  piece  of  it  to  London  to  fliow  it  the  king 
^nd  queen  of  England.  Boyle  gave  his  procefs 
to  Godfried  Hankwitz,  a  practical  ehemift  of 
London,  who,  for  many  years,  fold  the  produft 
ito  all  the  philofophers  of  Europe.     This  laft 
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(Operator,  and  Kunckel,  were,  for  fome  tipac,  th^ 
only  chemifts  who  knew  how  to  prepare  it 
Boyle,  however,  defcribed  his  procefs  in  the 
philofophical  tranfadions  for  1680  ;  and  Kraft 
inferted  his  own,  af^er  having  ieveral  times  fold 
it,  in  a  Treatife  on  Phofphorus,  by  the  Abba 
de  Commines,  publiflied  in  the  Mercury  of  Juni^ 
1683.  That  of  Brandt  was  communicated ;  in 
Jiooke's  philofophical  Colle6tions,  publiihed  in 
Engliih  in  1726  by  Derham,  Hpmberg  pub* 
liihed  a  procefs,  which  he  faid  he  had  feen  prac- 
tifed  by  Kunckel,  in  the  Memoirs  of  the  Aca* 
demy  of  Sciences  for  1692,  Techmeyer,  Hoff-^ 
man,  Nieweutyt,  and  feveral  other  chemiflait 
fucceffively  defcribed  proceffes  for  obtaining 
phofphorus ;  notwithfta^nding  which,  this  ope-»* 
ration  was  not  praftifed  in  the  laboratories  of 
chemifts,  till  a  foreigner  having  fold  to  the 
Frcnch  government,  in  1737,  a  procefe  for  ob* 
taining  it,  and  the  Academy  of  Sciences  of  Pa-» 
ris  having  caufed  it  to  be  repeated  by  Dufay, 
Geoifroy,  Duhamel,  and  Hellot,  this  lafi;  phi" 
lofopher  defcribed .  the  fuccefsful  experiment 
with  much  care  and  perfpicuity  of  expreffion, 
Rouclle,  the  elder,  made  phofphorus  iu  the 
courie  of  ehemiftry,  which  he  delivered  at  Pa* 
ris  for  feveral  years  after  this  period  of  1737f 
Margraf,  in  1743,  made  a  remarkable  improve- 
ment in  the  -prqcefs,  by  prefcribing  the  addi-. 
tion  of  muriate  of  lead  to  the  cxtiu6l  of  uriae 
and  cliarcoal  Thirty  fucceeding  years  pafiled 
l)efo^e  tny  remarkable  advancement  was  made 
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in  thecxtra^on  of  phofphorus.  It  was  made 
J)ut  feldom>  with  difficulty  and  in  fmall  quanti- 
ties iu  the  lahoratories,  and  it  was  ftill  them  ere 
obje£l  of  curiofity  and  the  fubje^  of  a  few  philo- 
ibphical  experiments.  A  fmall  ftick  or  two  of 
phofphorus  ufually  compofed  the  whole  portion 
in  cabinets,  when  in  1774,  Gahn  and  Scheele 
in  Sweden  made  a  capital  difcovery,  which 
greatly  augmented  the  quantity  of  phofphorus 
produced  in  the  laboratories,  by  fhowing  that 
the  acid  from  which  it  was  extrafted  is  abun* 
dantly  contained  in  the  bones  of  animals, 
and  by  giving  eafy  proceffes  for  the  feparation 
of  thefe  folid  animal  parts.  The  procefs  of 
Scheele  has  been  very  much  improved  in  France 
by  Nicolas  and  by  Pelletier:  but,  jpotwith-^ 
fianding  all  thefe  refearches,  it  is  ftill  the  fcarcefti 
the  moft  expenfive^  and  confequently  the  leaft 
employed  of  fi.mple  combuftible  bodies. 

5.  Phofphorus  undoubtedly  exifts  in  much 
greater  abxindance  in  nature -than  has  been  hif^ 
therto  thought ;  in  proportion  as  mineral  che- 
miftry  has  advanced^  it  has  been  found  in  many 
more  compounds  than  has  been  imagined*  It 
exifts  in  combination  with  different  matters^ 
but  never  pure  and  infulatcd.  Thou^  it.  has 
hitherto  been  forund  moft  frequently  burned  in 
the  compounds  of  which  it  forms  one  of  the 
principles,  it  is  very  probable  that  it  is  alfo 
combined,  in  the  combuftible  ftate^  in  many 
fofiilfi,  and  efpeciaily  in  the  ores.  It  is  alfo  ex*- 
trailed,  but  in  vcrj  fi»all  quantity,  ft'om  a  great 

number 


J 


250       SIMPLE    BODIES  t— PHOSPHORUS. 

number  of  vegetable  fubftances ;  and  it  is  fo 
abundantly  contained-  in  many  animal  matters, 
that  it  was  long  thought  to  be  peculiar  to  this 
genus  of  bodies.  It  is  always  from  one  or  the 
other  of  thefe  natural  compounds,  where  it  ex-. 
ifts  in  the  burned  ftate  that  it  is  feparated  by 
difoxigenation,  by  ignited  charcoal,  as  will  be 
more  fully  defcribed  hereafter. ;  It  is  particu- 
larly from  urine,  and  from  the  bones  of  animals 
that  it  is  commonly  extra6tcd.  It  may,  as  will 
be  explained  in  another  fe6lion  of  this  work,  be 
obtained  much  more  eafily,  and  with  lefs  ex- 
pence,  iFrom  fome  ores  of  lead. 

6.  Phofphorus,  which  from  what  has  been 
faid,  may  be  always  confidered  as  9*  product  of 
art,  or  rather  as  extra6ted  by  art,  fince  nature 
no  where  prefents  it  pure  and  infulated,  is  ufually 
a  folid  body,  femi-tranfparent,  (lightly  brilliant, 
of  a  confiftence  refembling  wax,  foftening  at  a 
temperature  of  a  few  degrees  above  0,  duftile 
at  25  degrees  of  the  thermometer,  brittle  if 
ftruck,  or  attempted  to  be  bent,  particularly 
if  colder  than  0 ;  eafily  cut,  or  fcraped,  prefent* 
ing  a  vitreous,  brilliant,  and  fometim^  flightly^ 
lamellated  frafture. 

7-  I  have  found  the  fpecific  gravity  of  phof- 
phorus equal  to  2,0332,  water  being  1,0000. 
Its  tafte  is  flightly  acrid  and  difagreeable ;  it  emits 
a  very  fenfibic  and  diftinguifliable  fmell  of  gari- 
lie ;  and  cryftallizes  either  in  needles,  or  in  mica- 
ceous plates,  or  in  oblong  o£iahedra  which  pre*- 
fcnt  a  great  number  of  varieties. 

8*  Phofphorus 
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8.  Phofphorus  undergoes  a  flight  alteration 
from  light ;  by  refrafting  it  in  a  ratio  greater 
than  acoording  to  its  denfity,  and  which  appears 
to  follow  its  combnftibility,  it  becomes  red-co- 
louTcd,  and  du6Hle  if  it  was  brittle  before. 
It  is  much  difpofed  to  change  its  ftate  by  ca* 
loric.  At  25  degrees  of  temperature,  it  is  very 
foft  and  du6lile ;  at  32  of  the  thermometer  of 
Reaumur,  it  melts,  and  flows  like  a  tranfparent 
colourlefs  oil :  the  fame  efifeft  almoft  takes 
place  when  it  is  expofed  during  fome  time  to 
the  contaft  of  the  human  fkin,  becaufe  at  lefs 
than  32  degrees  of  heat,  it  becomes  nearly  li^- 
quid.  If  it  be  left  to  cool  flowly  after  having 
been  fufed,  it  aflumes  a  cryfl:alline  form.  When 
its  furface,  has  become  folid,  if  it  be  broken  while 
ftill  fluid,  and  the  portion  within  be  fuftjered  to 
jBoM^  out,  the  interior  furface  is  found  lined  with 
pj-ifitiatic  needles,  or  oblong  odlahedral  cryftals. 
'At  76  degrees,  it  is  converted  into  vapour;  at  86, 
it  begins  to  colle6l  in  drops  in  the  neck  of  the 
retort  in  which  it  is  heated  with  water.  When  it 
it  is  heated  without  water  in  a  retort,  by  plungi- 
Jng  a  thermometer  graduated  to  the  ebullition 
of  mercury,  according  to  the  di  vifions  of  Reau^- 
mur,  into  it,  it  is  feen  to  boil  at  232  degrees  of 
that  graduation,  at  which  time  the  drops  fuc- 
ceed  without  interruption  by  the  beak  of  the 
.retort  It  was  by  diftillatjon  that  it  was  for- 
merly reftified  in  fmall  retorts  of  glafs,  to 
which  a  receiver  was  adapted,  half  filled  with 
.V^tey:  at  prefeut,.  vx  are  content  to  purify  it 

hy 
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by  fufion  in  tubes  plunged  in  warm  water ;  its 
faline,  or  impure  part«  are  colte6ied  at  the  fur«- 
face  It  is  alfo  pafled  through  a  fldn  of  new 
chamois  feather,'  plunged  beneath,  warm  water: 
its  impurities  are  detained  by  the  ikin,  and  the 
phpfphorus  which  paffes  is  very  clean,  and  al- 
moft  tranfparent. 

9*  Phofphorus  immerfed  iii  oxigcit  gas  does 
not  undergo^  any  alteration,  nor  ^mit  any  fmoke 
vifible  in  the  day,  nor  light  in  the  night,  if  that 
gas  be  very  pure :  confeqiiently  it  is, not  burned 
in  the  cold  iu  this  oxigen  gaa*  But  if,  when  it 
is  f ufed,  it .  is  placed  in  xontaft.  with  this  gas, 
it  inflames  at  the  inftant  of  contafifc^  and  ex- 
pands a  light  fo  vivid  and  fo  ftrong,  that  the 
eye  cannot  endure  its  fplendor:  at  the  fame 
time  that  much  caloric  is  difengaged. .  ^  The  ox- 
igen gas  lofes  its  aerial  form ;  if  it  be  very  purOi 
and  without  mixture  of  any  other  gas,  it  difap- 
pears  entirely,  and  becomes  folid  in  the  phof- 
phorus. This  combuftion  of  fufed  phofphorus 
in  oxigen  gas  is  the  moft  beautiful  fpeftacle  of 
light  which  chemical  experiments  preient ;  the 
iHame  is  almoll  as  brilliant  as  the  difk  of  the  fun, 
and  the  eye  is  much  hurt  by  iU 

10.  Phofphorus  is  alfo  a  body  which  difen- 
gages  moft  caloric  from  oxigen  gas  at  the  mo- 
ment of  inflammation.  Lavoifier  and  La  Place 
have  proved  by  their  calorimetric  experiments, 
that,  from  half  a  kilogramme  (I  pound)  of  ox- 
igen gas  employed  to  burn  phofphorus,  there 
was  difengaged  a  quantity  of  calori?  capable  of 

fufing 


ftding  mote  than  thirty-three  fcilogf ammes  (66 
pounds^  10  ounces  5  gtoSy  S4  grains)  of  ice  at 
0  f  that  it  was  of  all  combuftible  bodies  thatj 
which  difengaged  moft  of  this  principle  ;  that 
oxigen  united  to  phofphorus  after  that  combuf^ 
tion  might  be  regattjed  a$  the  moft  folid  poflible^ 
hndMtlth^fmirimum  of  its  concrefcibility ;  that 
phofphoruftabforbs  once  a:nd  a  half  its  .weight 
of  oxigen,  knd  converts  it  into  white,  cryftal- 
line,'.jiiviform  flakes  of  an  acid,  which  will  be 
-examined  in  the  next  feftion  under  the  name  of 
phofphoric  acid.  Phofphorus  thus  fufed  may 
be  burned  at  the  bottom  of  water,,  by  bringing 
oxigen  gas,  in  conta6l  with  it,  iuid  in  this  cafe 
the  acid  is  diflblved.  ' 

li^rAtimofpheric  air  ads.very  diflferently 
ftom  oxigen  gas' on  phofphorus.  When  this 
com^buftible  body,  at  the  loweft  temperature, 
even  at  fome  degrees  beneath  the  0,  is  plunge 
-ed  into  commomi  air,  if  it  be  during  the  day, 
the  phofphorus  is  feen  to  be  involved  in  a 
white  vapour,  or  fmoke ;  if  in  the  night,  this 
vapott^r  appears  in  the-  form  of  a  greeniih-white 
ligH<^  undulating,  and  prefenting  in  the  moft 
perfeft^obfcurity,  very  expanfible  luminous  raya^ 
rapidly  fpreading  in  fpace,  and  which  do  not  dif* 
eppear  butkt  fomfc  diftante  from  the  phofphoa-j^s 
whence  they  proceeded. .  This  luminous  vapour, 
Ijirhich  is  not  accompanied  with  any  fenfible  dif* 
engagement  of  caioric,  and  does  not  give  hea| 
to  other  odmbuiHble  bodies^  is  the  moft.  ancient* 
IjJkuawn  phenomeoon^of.phofphorus^  .It  is 

this 
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which  is  not  fafficieutly  ahundant  to  bring  it 
to  thw  ftate  of  acid. 

14.  If  the  temperature  of  phofphoms  ex* 
pofcd  to  the  atmofphere,  or  in  a  quantity  of  com- 
mon air,  be  elevated  to  below  forty  degrees 
(centigrade),  or  even  a  little  lower,  the  flow 
Gombuftion  quickly  gives  place '  to  a  rapid 
combuftion,  or  deflagration  accompanied  by 
fciiftillation,  complete  fufion  and  boilingpf  the 
phofphorus,  by  a  vivid  light,  and  an  ardent 
heat ;  and,  infl:ead  of  pholphoreous^  acid,  phof- 
phoric  acid  is  obtained  as  in  oxigen  gas*  This 
rapid  combufi:ion  in  the  air  diffJers  from  that 
vhich  takes  place  in  oxigen  only,  by  the  kfs 
c(uantity  of  light  and  energy,  and  in  its  always 
leavihg  a  gafeous  refidue,  after  the  complete 
abforption  of  the  oxigen  of  atmofpheric  azotic 
gas  holding  phofphorus  in  folution,  Citizen 
Seguin  has,  therefore,  propofed  it  as  an  eudio- 
metric  procefs*  A  tube  of  glafs  dilated  toward 
the  bottom  is  ufed  for  this  purpofe ;  it  is  filled 
with  mercury,  and  laid  on  the  ihelf  of  the  hi-~ 
drargyro-pneumatic  apparatus ;  a  very  dry  par- 
ticle of  phofphorus  is  introduced  into  it,  which 
rifes  to  the  top.  Care  is  taken  that  it  fliall  be 
more  than  is  neceflary  for  the  volume  of  air 
which  is  intended  to  be  examined.  The  phof- 
phorus is  fufed  by  moving  a  piece  of  ignited 
fcharcoal  above  the  tube,  and  then  the  air  isiit- 
troduced  in  a  well-ki;iown  quantity,  tlie  com- 
buftion of  phofphorus  quickly  takes  place;  a 
calculation  is  formed,  from  the  aerifonn  refidue 

when 
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when  cold,  of  the  refpeftive  pfopottion  of  thfe 
Okigen  gas  and  azote  contained  in  the  air  thus 
effayed.  If,  as  M.  Humboldt  afferts,  there  con-^ 
ftantly  remains  two  or  three  hundredths  of  oxi* 
gen  gas  mixed  with  the  refidue  of  the  phofpho- 
rated  azotic  gas,  this  eudiometric  method  is  not 
entitled  to  all  the  confidence  which  has  beien 
placed  in  it 

15.  Phofphorus,  whenever  it  acquires  in  the 
air  a  temperature  of  a  few  degrees  fuperior  to 
that  of  the  human  body,  takes  fire  and  heats  all 
the  bodies  near  it ;  as  it  acquires,  in  this  rapid 
combuftion,  a  very  ftrong  heat,  and  powerfully 
burns  the  moft  folid  organs,  and  a  brifk  rubbing, 
or  even  very  gentle  fri6lion,  if  continued  for 
fome  time,  may  bring  it  to  this  temperature,  it 
is  highly  neceffary  to  take  the  greateft  precau-* 
tion  in  experiments  with  this  body,  of  which 
many  chemifts  have  already  been  the  vi6lims. 
It  is  a  fubftance  which  ought  carefully  to  be 
removed  from  all  economical  ufes,  and  ought 
to  be  trufted  only  to  prudent  and  attentive 
men.  It  always  endangers  thofe  who  fre- 
quently ufe  it,  with  the  probability  of  fetting 
fire  to  apartments,  or  fevere  perfonal  burning* 

16.  It  appears  ftrange,  at  firft  fight,  that  a 
body  fo  combuftible  and  fo  inflammable  as  phof- 
phorus fhould  not  burn  in  oxigen  gas  except 
when  confiderably  heated;  that  it  fliould  not 
enter  into  the  moft  rapid  combuftion,  nor  even 
prefent  the  flow  combuftion,  while  it  undergoes 
this  laft,even  in  temperatures  approaching  that 

Vol.  is  of 
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.  of  ice  in  cdmmon  air.     The  caufe  of  this  phe- 
nomeuoa   fo  fingular  in  appearance,   niay  h? 
fhewn  by  examining  the  efFefts  of  azotic  gas  on 
phofpboyiis.     It  i§  diffolved  with  f^tcffity,  in  the^ 
azotic  gaa  m  y^pbiirs,  arid  fatufates  ft  without 
Burning;  or  ^Jffofding  light ;  and  when  this  phof- 
.  phorated  azotic  gas  is^  mixed  with  oxrgen  gas^ 
^ven  at  a  low  temperature,  light  appears,  and  a 
flaw  eombuftion  takes  place.     Thi»  is  the  rea- 
fo%  why,   upon  adding  oxigen  gas  to  the  ^t- 
mofpheric  ga^  of.  the  anafyfis  left  from  the  air 
By  phofphoiras,  however  that  analyfis  may  h^ve 
Been  made,  the  mixture  of  thefe  two  gafes  bums 
with  a  very  feniibte  tight.     Phofjfliorus  cannot 
burn  flowly^and  pafs  to  the  ftate  of  phofphoreous 
acid  in  oxrgen  gas,  until  after  having  been  dif- 
folved in  another  gas,  or  unlefs  the  oxigen  gaa 
is  mixed  with  fome  other  elaftic  ffuid  which 
can  firft  diffolve  the  phofphoiiis.     Thus  in  the 
air  of  the  atmofphere,  in  which  this  combuftible 
body  is  plunged,  it  is  firft  diffolved  in  the  azote 
gas,  and  it  only  burns  by  abforbing  oxigen  in 
proportion  as  its  folution  is  effefted  by  the  for- 
mer  gas. 

17.  Hidrogen  and  phofphorus  attra^  each 
other.  When  phofphorus  remains  in  hidroge- 
nous.  gas,  a  ''fhiall  portion  is^  diffoPTed  which 
communicates  a  peculiar  odour,  and  the  proper- 
ty of  emitting  light  when  it  is  afterwards  mix- 
ed with  oxigen  gas.  This  is  not,  howevei>  the 
ftrongeft  aclion  which  thefe  two  bodies  can  ex- 
ert on  each  other,  nor  the  moft  intimate  com- 
bination 
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oinatiou  which  can  be  formed  betweeti  them: 
A  much  greater  proportion  of  phofphorus  may 
be  diflblved  in  hidrogen  gas  by  a  more  com- 
plicated methodj  which  will  be  defcribed  in  one 
of  the  following  feftions,  than  can  be  done  by 
the  iimple  contaft  here  mentioned.  Phofpho- 
-tated  hidrogenous  gas  is  then  obtained^  which 
was  difcovered  twelve  years  ago  by  Citizen 
Gengembre,  and  which  has  a  fetid  fmell  of 
garlic,  and  a  fpecific  gravity  much  more  con- 
fiderable  than  that  of  hidrogen  gas.  It  poffeffes 
tiie  remarkable  and  charafileriftic  property  of  tak- 
ing fire  by  the  mere  conta6l  of  oxigen  gas,  or  of 
common  air,  and  of  burning  with  a  very  bril- 
liant white  flame.  It  will  be  treated  more  fully 
in  the  fourth  fe6lion. 

i  8.  No  dire6i;  combination  is  yet  known  be- 
tween carbon  and  phofphorus,  though  it  is  pro- 
bable that  it  exifts.  It  is  only  known  that 
thefe  two  combuftible  bodies  are  frequently 
united  together,  and  with  hidrogen  and  azote 
in  vegetable  and  animal  fubftanges. 

19.  Phofphorus  is  ftill  confined  to  a  Very  few 
ufes.  It  is  feldom  ufed  in  medicine,  and  the  ac- 
curate experiments  yet  made  to  explain  its  pro- 
perties are  but  few ;  it  even  appears,  according 
to  fomi^  late  experiments,  that  it  is  apoifon-to 
animals^  It  fhould  not,,  therefore,  be  tried  on 
man  but  with  much  care  and  caution^  In  th€f 
arts,  it  is  ufef ul  only  in  a  few  proceffes,  and  for 
the  common  purpofes  of  life  it  is  dangerous^ 

S  S  In 
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In  natural  philofophy  it  is  little  more  than  att 
•  obje6l  of  cur iofity. 

20.  It  is  to  chemiftry  that  it  has  already 
rendered,  and  ftill  may  render  the  greateft  fer- 
vices.  Its  eleclive  attraftions  for  oxigen, 
and  for  feveral  other  bodies,  render  it  highly 
valuable.  It  is  certain,  that  it^  properties  and 
combinations  have  fcarcely  yet  begun  to  be  ex- 
amined. Every  thing  announces,  that  when 
we  fliall  be  able  to  prepare  it  more  eafily  than 
has  hitherto  been  done,  when  it  fhall  be  ex- 
tracted in  greater  quantity,  and  with  lefs  lofs 
from  its  compounds  than  we  have  yet  been 
able  to  do ;  when,  in  a  word,  it  Ihall  be  obtain- 
ed in  more  cojifiderable .  maffcs,.  it  will  become 
one  of  the  moft  valuable  inftruments  of  analyfis 
and  fynthelis.  The  accounts  to  be  given  in 
many  of  the  following  feflions  of  its  a6lion  oii 
various  bddies,  ^vill  (imply  prove  and  illuftratc 
this  important  truth. 


.Artic^le  X. 

Concerning  Sulphur. 

.  I.  SULPHUR,  a  combuftible  body,  fimple 
and  undecompofed  like  the  preceding,  and  the 
fourth  in  the  order  of  elective  attra6lion  for  ox- 
igen, is  the  moft  eafily  procured  in  a  ftate  of 
purity,  becaufe  nature  prefents  it  frequently 
and  very  abundantly  in  that  ftate.     The  moft 

ancient, 


SIMPLE-   BODIES '.—SULPHUR.  271 

ancient,  and,  perhaps,  the  firft  known  of  all 
combuftibles,  it  has  long  been  confidered  as  the 
general  caufe,  or  indication  of  combuftibility  ; 
which  has  been  attributed  principally  to  the 
prefence  of  fulphun  This  name  has  pvcn  been 
given  to  very  different  inflammable  fubftances: 
the  powder  of  Lycopodium  ha:s  thus  been  named 
the  vegetable  fulphur. 

S.  Though  very  anciently  known,    fulphur 
has  alfo  been  long  a  fource  of  errors  and  of  hy- 

pothefes  in  chemiftry.  It  has  been  thought  to 
be  a  compound,  decompofable  and  rexrompofable 
of  many  parts-  It  was  on  this  fubftance,  that 
the  ingenious  Stahl  mod  particularly  eftabliflied 
the  theory  of  phlogifton,  which  has  governed 
the  fchools  during  a  century.  Since  the  efta- 
blilhment  of  the  pneumatic  do6lrine,  the  facts 
have  been  accurately  obferved  and  much  better 
examined, 'and  the  phenomena  prefented  by  ful- 
phur have  proved,  that  it  has  not  been  decom- 
pofed ;  that  it  only  obeys  the  laws  of  compofi- 
tion,  and  is  a6led  upon  in  this  refpeft,  like  phof- 
phorus.  Carbon,  the  metals,  &c.  In  general, 
fulphur,  even  confidered  as  a  principal  fubjed  in 
chemiftry,  has  been  at  all  times  one  of  thofe 
which  have  participated  the  moft  in  the  dif- 
ferent changes  which  the  fcience  has  expe- 
rienced, and  concerning  which  philofophers 
have. been  more  particularly  employed.  Sul- 
phur is  confequently  a  body  whofe  combina- 
tions are  the  moft  numerous,  and,  at  prefent,  the 
beft  underftood, 

3.  Sulphur 
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3.  Sulphur  is  found  very  abundantly  in  nair 
ture,  it  is  one  of  th'e  primitive  materials  employir 
ed  in  moft  of  her  combinations.  Though  it  i^ 
no  where  found  in  large  maffes,  in  beds,  or  in 
veins  really  continued, within  the  globe,  yet,  on 
the  other  hand,  it  is  difleminatpd  every  where. 
In  fome  places  it  forms,  depofitions,  incrufta- 
tions,  ftalaftites;  in  others,  it  is  diflblved  in. 
waters  by  means  of  a  particular  combination, 
and  is  colle6led  at  their  furface,  or  precipitated 
among  the  bodies  which  occupy  their  beds ;  i^ 
is  fublimed,  or  flows  in  fufion  from  burning 
volcanos,  or  from  feveral  foils  formerly  volca- 
nized ;  it  is  concealed  in  the  earth,  combined 
with  a  great  number  of  metals ;  is  met  with  ia 
many  vegetables, .  particularly  in  the  crucifer®  j 
and  it  is  alfo  extracted  from  animal  matters. 

4.  In  thefe  places  where  nature  prefents  ful- 
phur,  fo  abundantly,  that  the  foil  is  fometimes 
fo  impregnated  with  it  as  to  be  every  where 
apparent,  it  is  eafily  collefted  whenever  a  cold 
fpace  is  prefented  to  the  vapours  which  exhale 
from  the  hot  foil  that  contains  it.  In  this  man-, 
per  it  is  obtained  in  the  fulphureous  grounds, 
n^med  folfaterra  in  Italy.  It  is  alfo  feparated 
from  the  metallic  combinations  by  heat :  and 
by  this  methcfd,  it  is  extracted  for  the  arts  and 
chemiftry.  In  order  to  purify  it,  it  is  fufed ; 
then  left  to  repofe ;  and  afterwards  call  ivl  cy- 
lindrical moulds  of  wood,  in  the  form  palled 
roll-brimftone. 
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5.  Very  pure  fulphur  is  a  foiid  body,  of  a  pe- 
culiar yellow,  of  a  very  beautiful  femi-tranf- 
parence  when  it  has  flowly  acquired  its  ag- 
gregation :  i^i  which  circumftances  it  conftant- 
ly  affumes  the  oftahedral  form.  The  modem 
cryftalogifts  have  acknowledged  four  varieties  of 
this  form, 

a.  The  .o6tahedron  with  faline  triangular 
faces ;  this  is  the  primitive  form  of  its  integrant 
particles^  as  is  proved  by  the  diffeftion  of  the 
cryftak  combined  >vith  the  computation  of  the 
laws  of  diminutions,  by  which  their  arrange- 
ment is  capable  of  producing  the  other  forms ; 
b.  the  primitive  oftahedron,  of  Avhich  the  two 
pyramids  are  ufually  feparated  by  a  very  fhort 
prifrti;  c.  the  primitive  oftahedron,  of  which 
the  fummit  is  i-eplaced  by  a  face  perpendicurar 
to  the  axis :  this  is  improperly  named  the  trun- 
cated oftahedron;  d.  the  preceding  variety, 
the  terminal  faces  of  which  have  their  four 
fides  replaced  by  as  many  facets. 

6.  Sulphur,  extra6led  from  minerals,  and  puri* 
fied  by  arty  is  never  tranfparent,  nor  regularly 
cryftallized.  -It  is  always  found  opaque,  granu- 
lated, and,  as  it  were,  laminated  in  its  frafture, 
and  becomes  eleftric  by  friftion.  Native  fulphur 
has  the  fpecific  gravity  of  2,0332  ;  ^hat  which 
has  been  fufed  does  not  exceed  1,9907,  accord- 
ing to  Briffon.  It  is  very  brittle,  and  eafily 
reducible  to  powder  ;  has  no  very  determinate 
tafte,  though  when  left  fome  time  in  the 
mouth,  it  is  not  perfe^ly  infipid.     When  it  is 

rubbed 
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rubbed  for  a  time,  it  appears  to  be  volatilized 
in  the  furrounding  air,  fo  as  to  form  an  atmo- 
Iphere,  perceptible  to  the  fenfe,  by  a  peculiar 
odour,  flightly  fetid,  and  well  adapted  to  cha- 
rafterife,  or  diftinguifh  it  If  a  roll  of  fulphur 
be  prefled  for  fome  time,  or  even  if  it  be  held  in 
the  hand,  without  preffure,  it  crackles,  and  breaks 
into  many  fmall  pieces  ;  it  leaves  on  the  ikin  a 
very  ftrongfmell,  whichremains  for  feveral  hours* 
It  partly  lofes  its  colour  by  levigation,  and  more 
efpecially  by  chemical  divifion,  fuch  as  takes 
place  in  precipitation:  it  then  fometimes  be- 
comes grey  or  white, 

7.  No  fepfible  efFca  of  light  on  fulphur  has 
been  obferved ;  that  which  nature  prefents 
tranfparent,  produces  a  ftronger  r^fra6lion  of  it 
than  it  could  produce  according  to  the  ratio  of 
its  denfity  :  it  appears  that  it  follows  its  altera- 
bility  by  caloric.  Light  alfo  fenfibly  colours 
the  powder  of  fulphur  when  it  is  white ;  it  tends 
to  reftore  the  yellow  ihade. 

8.  Caloric  dilates  fulphur ;  at  a  temperature 
fuperiorto  that  of  boiling  water,  it  melts,^and 
flows  flightly  vifcid.  It  becomes  tranfparent  by 
fufion,  and  affumes  a  brownifli-red  colour,  but 
refumes  its  yellow  colour  by  cooling,  if  it  has  not 
been  long  kept  in  fufion.  If  it  be  flowly  cooled, 
it  aflumes  an  irregular,  needled,  or  prifmatic 
form,  on  account  of  the  ftate  of  vifcous  fluidity 
which  it  had  acquired.  By  continuing  the 
heat,  it  becomes  thick,  as  it  were  fyrupy,  apd 
if  then  poured  into  cold  water,  it  retains  a  de- 
gree 
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gree  of  foftnefs,  which  renders  it  very  valuable 
for  impreffions  of  feals,  &c.  When  fufed  in  a, 
well-clofed  apparatus,  it'  is  fublimed,  and  fixed 
in  very  fine  needles,  forming  a  powder  which  is 
known  under  the  improper  name  of  flowers  of 
fulphur.  As  it  feldom  happens,  that  there  is  not 
a  fmall  quantity  burned  in  this  procefs,  the 
fublimed  fulphur,  or  the  flowers  of  fulphur, 
are  ufually,  in  a  flight  degree,  acid  :  fometimes 
they  are  fufficiently  fo  to  moifl:en  in  the  air. 
Hence,  for  medical  ufes,  it  is  neceflary  to  waih 
out  this  acid  portion. 

5.  Sulphur  does  not  combine  in  the  cold  with 
oxigen  gas;  when  plunged  in  fufion,  and  well 
heated  in  this  gas,  it  bums  with  a  flame  of  a 
brilliant,  and  almoft  white-blue  colour  ;  it  dif- 
engages  much  heat,  though  lefs  than  phofpho- 
rus,  and  is  converted,  by  the  abforption  of  ox- 
igen, into  a  very  ftrong  acid,  named  fulphuric 
acid,  which  will  be  amply  treated  in  the  follow- 
ing feftion.  It  is  not  exactly  known  how  much 
fulphur  abforbs  of  oxigen  in  this  combuftion, 
nor  how  much  caloric  it  feparates  from  the  gas. 
It  appears  that  it  abforbs  nearly  half  its  weight, 
and  difengages  between  a  third  and  a  half  lefs 
of  caloric  than  phofphorus  does,  from  the  por- 
tion of  oxigen  gas,  of  which  it  folidifies  the 
bafe  in  burning.  In  the  courfe  of  this  pheno- 
menon it  is  feen,  that  a  rapid  combuftion  of 
fulphur  takes  place ;  it  is  effeded  almofl:  with- 
out fmell, 

10.  This 
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10.  This  body  undergoes  merely  a  flow  com- 
buftion  when  it  is  heated  in  conta^  with  the 
atmofpheric  air ;  in  the  cold,  it  undergoes  no 
alteration.  If  it  be  kept  fimply  fufed,  without 
being  heated  above  fufion,  in  comimon  air,  it 
abforbs  only  a  very  fmall  quantity  of  oxigen, 
and  forms  a  reddifli-brown  mafs,  of  a  flightly- 
fouf  tafte,  which  not  yet  being  acid,  bears  the 
name  of  oxide  of  fulphun  If  it  be  heated  fuf- 
ficiently  to  take  fire,  or  its  powder  be  feton 
fire  by  the  contaa  of  an  inflammable  body,  it 
burns  with  a  flame  of  a  pale  blue,  and  emits  a 
ftrong,  irritating,  and  fuffocating  fmejl.  The 
acid  which  it  forms  in  this  flow  combufl;ion  is 
volatile,  odoraiit,  and  very  weak,  in  comparifon 
with  that  which  is  the  produft  of  its  rapid  com- 
bufl:ion.  It  is  called  fuljihureous  acid;  and 
differs  from  the  former,  by  a  fmaller  proportion 
of  oxigen,  as  will  be  feen  in  the  third  feftion  of 
this  work.  It  is  eafily  colle6led  by  burning 
fulphur  in  an  earthen  veflel,  placed  in  another 
veflel  filled  with  water,  which  is  covered  with 
a  glafs  bell.  The  vapour,  which  exhales  in  this 
procefs,  is  diflblved  in  the  water,  which  rifes  in 
the  bell  to  fill  the  void  formed  by  the  abfbrption 
of  the  oxigen.  It  was  thus  that  fonnerly  the 
fpirit  of  fulphur  by  the  bell, was  prepared. 

11.  The  phenomena  of  the  two  preceding 
combuftions  of  fulphur  prove,  that  this  body  is 
much  lefs  combufl:ible  than  the  preceding,  fince 
it  neither  produces  the  fame  heat,  nor  the  fame 
light,  nor  abforbs  the  fame  quantity  of  oxigen j 

and 
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iand  bpcaufe  it  requires  a  much  longer  time  Jo 
effe&;  this  procefs.  It  is  alfo  found,  by  accu?*: 
yate  experiments,  that  fulphur,  lighted  in  the 
iiir,  is  far  from  abforbing  the  0,27  of  oxigea 
which  it  contains,  and  that  wheii  its  combuf^^ 
tion  has  ceafed,  phofphorus  and  pyrophorus  can 
ftill  burn  in  that  air.  So  that  fulphur  has  left 
tendency  to  become  oxigenated  than  hidrogen, 
carbon,  and  phofphorus,  which,  in  efFe6l,  de- 
prive it  of  oxigen,  as  will  be  Ihown  below. 
Hence,  it  is  evident,  that  the  fimple  combuftion 
of  pure  fulphur  cannot  be  of  ufe  in  eudiometric 
jproceffes. 

J  2.  But,  when  fulphur  is  very  much  divide 
cd,  as  it  is  in.  a  great  many  of  its  combina-^ 
tions,  particularly  when  diffolved  in  liquids,  i% 
bums  w;ithout  flame,  and  without  heat  in  the 
air,  completely  abforbing  its  oxigen,  and  be- 
comes converted  into  fulphuric  acid.  In  the 
other  articles,  the  circumftances  will  be  de- 
fcribed,  wherein  this  infenfible,  but  neverthelefs 
complete,  combuftion  of  fulphur  takes  place,  as 
well  as  the  applicatron  which  has  been  made  of 
many  of  thefe  circumftances  to'  eudiometry. 
They  are  only  indicated  here  for  the  purpofe  of 
combining  or  approximating  all  the  phenomena 
relative  to  the  combuftion  of  fulphur,  and  to  it^ 
combination  with  oxigen, 

1 3.  There  is  no  known  union  between  azote 
and  fulphur,  though  thefe  two  bodies  are  fre- 
quently found  combined,  but  together  with 
pmny  ©therK,    in  vegetabU  and\^animal  fub- 

ftances. 
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ftances.  Azotic  gas  diffolves  a  little  fulphur 
when  it  is  heated  in  a  veffel  of  that  elaftic  fluid. 
The  fulphurated  azotic  gas  is  fetid ;  it  depolits 
a  part  of  the  fulphur  when  the  temperature  is 
diminifhed.  The  other  properties  of  this  mixed 
gas  are  ftill  little  known,  which,  when  better 
ftudied,  may  throw  light  on  many  interefting 
chemical  phenomena. 

14.  The  direfil  and  binary  combination  of 
fulphur  with  hidrogen,  is  as  little  known,  though 
it  can  be  well  proved  that  thefe  two  bodies 
are  capable  of  uniting.  It  is  certain  that  they 
are  frequently  united  together,  though,  indeed, 
with  fome  other  matters,  in  the  complicated 
compounds  which  belong  to  the  vegetable  and 
animal  organization ;  but  the  dire6l  and  binary 
combination  of  hidrogen  and  fulphur  is  efFe6led 
by  certain  means,  of  which  it  is  neceffary  to  ex- 
plain here  the  general  theory  and  influence, 
though  it  does  not  take  place  but  by  means  of 
feveral  other  different  bodies  which  have  not 
yet  been  treated  of.  Whenever  nafcent  hidro- 
gen gas,  that  is  to  fay,  hidrogen,  at  the  moment 
when  it  aflumes  the  gafeous  form,  is  difengaged 
from  a  compound,  or  a  mixture,  or  from  a  com- 
bination holding  fulphur  very  much  divided, 
it  always  carries,  off  a  certain  quantity  in  folu- 
tion.  It  acquires  new  properties,  a  much  great- 
er deniity,  an  extremely  fetid  fmell,  an  horrid 
mephitifm,  the  property  of  giving  a  blue  flame 
and  of  depofiting  fulphur  in  burning,  which  i» 
alfo  precipitated  from  it  by  contaft  of  the  air, 

and 
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and  particularly  during  its  folution  in  water; 
&c.     This  laft  property,  namely,  it«  folubility, 
which  has  refolved  the  problem  of  fulphureous 
mineral  waters,  as  I  Ihall  elfewhere  fhow,  by  re- 
ferring to  fulphurated  hidrogenous  gas,  in  the 
articles  where  the  bodies,  which  favour  its  forma- 
tion, are  treated  of,  leads  us  to  treat  of  fulphu- 
rated hidrogen,  or  the  combination  of  thefe  two 
combuftibles,    deprived  of    the  gafeous  ftate. 
This  appears  frequently  to  exift  in  organic  fub- 
ftances ;  fuch  it  is  particularly  in  thofe  com- 
pounds which  BerthoUet  has  named  hidro-ful- 
phuretSy   and  of  which  I  have  treated  in  the 
fourth  fedtion.     There  are,  alfo,  circumftances 
of  which  I  fpeak  on  the  fame  occafion,  in  which 
fulphur,    united    immediately  with  hidrogen, 
forms  a  concrete  hidrogenated  fulphuret,  of  an 
oily  appearance,  which  the  fame  chemift  has  ob- 
ferved  at  the  bottom  of  fome  folutions  of  hidro- 
fulphurets. 

15.  Sulphur  does  not  unite  with  carbon  in*  a 
direft  manner,  fo  that  We  are  not  really  ac- 
quainted with  carbonated  fulphur,  or  fulphu- 
rated carbon.  At  whatever  temperature  thefe 
two  limple  bodies  are  treated,  or  mixed  toge-^ 
ther,  they  do  not  combine.  This  combination 
is,  neverthelefs,  met  with  in  vegetable  matters^ 
and  particularly  in  animal  fubftances,  with  a 
third,  and  fometimes  indeed  with  a  fourth  body^ 
It  is  even  probable,  that  it  is  a  carbo-fulphurated 
compound  which  forms  the  bafe  of  a  peculiar 
combuiliblei  which  has  already,  been  indicated 

under 
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where,  and  it  difengages  phofpho-fulphurated 
hidrogenous  gas*  It  is  evident,  that  the  phos- 
phorus and  fulphur  acquire,  by  their  union,  a 
ftronger  attradion  for  oxigen  than  they  have 
ieparately,  fince  they  are  capable  of  carrying  it 
off  from  hidrogen,  and  of  decompofing  water. 
Th^  very  great  combuftibility  of  fulphurated 
phofphorus  is  turned  to  advantage  in  the  pre- 
paration of  the  bougies,  included  in  tubes  of 
glafs,  which,  when  they  are  taken  from  them, 
after  having  broken  the  tubes,  take  fire  the  mo- 
ment they  acquire  the  contaft  of  the  air.  On 
this  property  alfo  are  formed  thefe  bottles,  con- 
taining fufeU  phofphorus,  inflamed  by  a  rod  of 
red-hot  iron,  and  quickly  extinguifhed,  in  which 
the  fulphureous  matches,  which  are  dipped  in 
them,  catch  fire  the  moment  they  are  drawn  out 
into  the  common  air. 

1 8.  It  is  very  remarkable  in  the  combination 
of  fulphur  and  phofphorus,  as  well  as  in  thofe 
of  the  greater  number  of  combuftible  bodies 
with  each  other,  that  they  can  exift  very  diffe^ 
rent  in  proportions  of  the  two  matters  which  are 
combined  together,  or  in  a  great  latitude  of  the 
relative  quantities,  whereas  the  combinations  of . 
each  of  thefe  feveral  bodies  with  oxigen,  admit 
of  only  one  conftant  limit  in  the  proportions  of 
each.  This  laft  property  is  always  obferved, 
and  ftiould  be  oppofed  to  that  which  I  have  juft 
remarked,  in  the  compounds  of  combuftiblcs 
with  each  other,  and  in  the  combinations  of 
burned  bodies  with  the  bafes,  as  will  be  explain- 
ed 
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ed  more  largely  in  the  hiftory  of  the  falts,  fifth 
feftion. 

19.  It  is  evident,  from  what  has  been  ftated, 
refpe6ling  the  properties  of  fulphur,  placed  mere- 
ly in  conta6l  with  the  eight  fubftances,  of  which 
the  examination  precedes  the  firft  article,  that 
this  combuftible  body,  known  as  it  is  at  prefent, 
has  fmgnlarly  contributed  to  the  advancement 
of  the  fcience,  and  to  the  explanation  of  a  great 
number  of  natural  phenomena ;  for  it  will  be 
admitted,  from  the  feries  of  articles  comprifed 
in  the  following  fe6lioris,  that  nature  employs 
fulphur  in  a  great  number  of  its  operations,  pre- 
fents  it  under  many  forms  among  foflils,  charges 
with  it  the  waters  denominated  fulphureous, 
mineralizes  with  it  the  metals,  caufes  it  to  pafs 
into  the  vegetable  and  animal  fibres,  and,  in  a 
word,  exhibits  it  to  chemifts  in  an  infinite  num- 
ber of  combinations. 

20.  Mankind  have  ufed  this  fulphur,  which 
Nature  prefents  on  all  fides,  for  a  multiplicity 
of  ufeful  purpofes.  So  numerous  are  the  arts 
of  which  this  fubftance  forms  the  fubjeft,  the 
bafe,  or  one  of  the  principal  materials,  that  it 
would  be  fuperfluous  to  attempt  any  enumera- 
tion in  this  place.  This  enumeration  will  be 
given  in  the  feveral  fe6lions  of  this  work,  when* 
ever  the  ufeful  applications  of  chemiftiy  require 
it  to  be  announced. 


VoL  I.  ,      T  Artipijp 
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-Article  XL 


Concerning  the  Diamond. 


1.  IT  appears  at  firft  extraordinary  that  the 
diamond,  which  has  been  fo  long  placed  in  the 
rank  of  precious  ftones,  or  cryftalline  gems; 
that  the  diamond,  one  of  the  hardeft  and  moft 
inalterable  bodies  in  nature,  fliould,  at  prefent, 
be  reckoned  in  the  number  of  fimple  combufti- 
ble  fubftances,  next  to  fulphur  and  phofphorus. 
Bergmann  has  ranked  it,  in  1784,  among  the 
bitumens,  acknowledging  it  to  be  an  inflamma- 
ble matter,  though  he  had  admitted  feven  years 
before,  by  placing  it  at  the  end  of  his  analyfis 
of  gems,  two  earths  combined  with  this  inflam- 
mable body,  of  which  he  feems  to  believe  the 
diamond  particularly  formed :  but  it  is  neceflary 
to  obferve,  that  he  made  his  experiments  only 
with  the  diamond  powder  of  commerce,  which 
is  fiiigularly  impure. 

_2.  Newton,  confidering  the^great  refradive 
force  of  the  diamond,  conjedtured  that  it  mufr 
be  combuftiblc.  Cofmo  IIL  Grand  Duke  of 
Tufcany,  firfl:  caufed  experiments  to  be  made  at 
Florence  in  I694  and  1695,  by  the  members  of 
the  Academy  del  Cimento,  from  which  it  refult- 
ed  that,  when  treated  with  the  burning  mirror, 
it  becomes  tarniflied,  deprived  of  its  polilh,  lofes 
•  weight,  or  is  diflipated  without  any  refidue  or 

trace. 
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trace.  Many  years  afterwards,  Fraiif  ois-Etienne 
de  Lorraine,  afterwards  Grand  Duke  of  Tuf- 
cany,  and  then  emperor  under  the  name  of 
Francis  I.  made  at  Vienna  a  feries  of  elfaj^s,  in 
which  he  faw  that  diamonds  were  deftroyed  by 
the  mere  heat"  of  furnaces.  Citizen  Darcet  af- 
terwards proved,  that  they  are  deftroyed  even 
in  crucibles  of  porcelain,  when  very  clofe. 
Macquer  firft,  in  1771,  faw  the  diamond  fwell, 
and  burn  with  a  luminous  glory,  or  a  very  fen- 
fible  flame.  Rouelle  the  younger,  Roufe,  Ca- 
det, Mitouart,  have  eftablifhed,  by  many  expe- 
riments, the  volatilization,  and  combuftion  of 
the  diamond.  It  is  to  Lavoifier,  that  the  laft 
and  the  moft  accurate  refearches  concerning  the 
phenomena,  and  the  products  of  this  combuf-  ' 
tion  are  due. 

3.  The  diamond  has  not  yet  been  found  but 
in  fome  countries  of  the  Eaft  Indies,  particular- 
ly at  Golconda  and  Vifapour.  They  are  found 
of  lefs  beauty  in  the  Brafils  :  it  is  faid,  that  they 
exift  under  rocks  of  granite,  between  beds  of 
ochreous  earth,  which  are  always  enveloped,  or 
covered  with  ail  earthy,  lamellated,  and  fparry 
cruft;  fometimes  they  are  found  rolled,  and 
brilliant  in  waters.  They  are  diftinguiilied,  in 
commerce,  into  different  fpecies  by  their  hard- 
nefs,  their  tinge,  their  beautiful  water,  and  their 
colour ;  becaufe  there  are  fome  of  them  which 
are  coloured  like  the  cryftalline  gems.  Some 
are  veined,  fpotted,  and  clouded :  it  is  afferted, 
that  tliefe  laft  defeds  difappear  by  heating  the 

T  2  diamonds, 
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fliamoiuls,  for  fome  time,  in  very  clofe  cruci- 
bles. All  the  differences  here  indicated)  and 
even  thofe  of  form,  do  not  conftitute  fpecieSy 
but  mere  varieties  of  the  diamond. 

4.  There  is  no  known  body  fo  hard  as  the  dia- 
mond, fmce  there  is  none  -of  them  which  can 
aft  upon  it  by  friction;  it  is  impoffible  to  grind, 
or  polifh  diamonds,  but  by  rubbing  them  againft 
each  other:  by  which  means>  diamond  powder 
is  obtained.  Though  very  hard,  the  diamonc! 
is  far  from  poffeffmg  the  fpecific  gravity  of  the 
metals :  according  to  Briffon,  its  fpecific  gra- 
vity is  from  3,5212  to  S,o3I0.  Its  form  is  ai- 
moft  always  regular.  It  is  found  in  a  regular 
octahedron,  which  is  its  primitive  forrh :  that 
of  its  particles  is  the  regular  tetrahedron.  That 
which  is  named  the  fpheroidal  diamond,  has 
fdrty-eight  curvilineal  triangular  faces,  and  owes 
this  fmgular  cryftallization  to  a  regular  de- 
creafe,  which  Haiiy  has  fubmitted  to  calcula- 
tion. The  lapidaries,  in  cutting  it,  difcover 
plates  in  the  direction  of  which  it  is  eafier  to 
divide  it :  it  is  this  which  they  called  fplitting 
the  diamonds.  The  hardeft  appear  to  be  foj-med 
of  contorted  fibres  ;  lapidaries  call  them  dia- 
monds of  nature. 

5.  The  diamond  expofed  to  light  refra6ts  it, 
and  decompofes  it  more  efficacioufiy  than  any 
other  tranfparent  bodj^  This  is  the,  property 
by  M^liich  it  pleafes  mod ;  it  fparkles,  with  all 
the  fplcndor  of  the  rainbow,  principally  when 
its  effcfts  are  multiplied  by  cutting,  and   the 

number 


SIMPLE    bodies: — THE    DIAMOND.     287 

number  of  the  poliflied  facets  with  which  it  i$ 
inclofed.  ThoTe  which  are  cut  in  pyramids,  on 
both  fides,  bear  the  name  of  brilUfints;  and  th? 
diamonds  cut  only  on  one  fide,  and  flat  on  the 
other,  are  named  rofes.  The  diamond  appears 
to  have  the  property  of  retaining  light  among 
its  particles :  when  it  is  left  fome  time,  hi  the 
fun,  and  then  carried  into  a  dark  place,  it  is  lu- 
minous, and,  as  it  were,  phofphoric  j  it  is,  alfo, 
very  fenfibly  eleftric  by  rubbing. 

6.  Caloric,  accumulated-  in  great  quantity 
in  the  diamond,  after  having  dilated  it  without 
fufion,  caufes  it,  however,  to  boil  flightly,  to 
fwell,  and  even  to  fcorify  in  fome  points.  It 
appears,  alfo,  to  lofe  a  portion  of  its  external 
brilliancy,  to  tarnifli,  and  even  to  become  en- 
veloped with  a  kiiid  of  blackifli  covering,  when 
there  is  a  little  air  in  the  apparatus.  lu  a  very 
ftrong,  and  long  continued  heat,  as  that  of  the 
furnaces  fot  porcelain,  the  diamond,  though 
inclofed  in  crucibles  of  porcelain  pafte,  is  vola- 
tilized, and  difappearsy  leaving  the  fpace  void, 
which  it  occupied  in  the  middle  of  that  pafte. 
This  Angular  refult,  obtained  by  Darcet,  and 
verified  by  Macquer,  upon  charcoal  treated  in 
the  fame  manner,  depends  on  the  dilatation  of 
the  pafte  by  the  ftrong  heat,  and  to  tlie  com- 
buftibility  of  the  diamond,  wliich  is  afcertained 
beyond  all  doubt,  by  other  experiments. 

7.  The  diamond,  which  does  not  undergo 
any  alteration  in  the  cold  in  oxigen  gas,  is  cer- 
tainly capable  of  burning,  even  with  flame  and 

decrepitation 


288    SIMPLE  bodies: — the  diamonp.' 

decrepitation,  when  plunged  therein  very  much 
heated,  or.  environed  Avith  other  combuftible 
matters  which  can  give  heat  to  it.  What  hap- 
pens in  this  kind  of  combuftion  is  not  exactly 
iafcertained.  It  inay  be  efFefted,  either  by  the 
aid  of  the  rays  of  the  fun  combined  by  a  lens, 
and  thrown  upon  the  diamond,  inclofed  in  a 
glafs  veflel,  filled  with  oxigeri  gas  over  mer- 
cury, or  ftill  more  commodioufly,  by  caufmg 
very  pure  oxigen  gas  to  pafs  through  a  tube  of 
porcelain,  Jn  which  the  diamond  is  kept  ig- 
liited.  Every  fa6t  proves  that  the  produfl;  of 
this  combuftion  is  the  fame  with  that  of  carbon, 
as  is  evident,  in  treating  the  diamond  in  the 
air.  It  has  been  announced,  in  September 
1791 J  that  a  diamond  had  been  burned  at 
Prague,  by  plunging  it  into  a  veflel  full  of  ox- 
igenous  gas,  afterrfiaving  attached  to  it  a  fmall 
portion  of  jgnited  iron  wire,  the  combuftion  of 
-which,  excited  by  the  oxigen  gas,  was  after- 
wards communicated  to,  the  diamond,  which 
burned  with  the  greateft  fplendor.  It  has  been 
alfo  announced  that  the  diamonds  of  Brafil  do 
-not  burn  by  this  means.  This  experiment  ought 
•to  be  made  ufe  of,  to  determine  what  change 
the  oxigen  gas  undergoes.  Nothing  happened 
in  confequence  of  this  fine  experiment,  as 
iM,  Landriani^has  defcribed  it  in  his  letter. 
(AnnaL  de  Chimie,  XI,  pag.  156). 

.  8.  It  is  well  proved,  that  the  diamond,  heated 
-with  the  contaft  of  the  air,  in  the  mere  heat  of 
the  cupelling  furnace,  fwells  when  red-hot, 
—  —  -      '    commences 
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commences  by  prefenting  a  colour  more  brilliant 
than  the  veffel  which  fiipports  it,  and  betomes 
environed  with  a  luminous  glory,  or  a  true  llight- 
iy  greenifh-white  flame,  and,  when  it  has  attain- 
ed that  temperature,  foon  difappears  in  the  air 
which  environs  it,  continuing  to  fparkle  with 
the  fame-fplendor  till  its  laft  particle  difappears. 
Thefe  phenomena,  feen,  for  the  firft  time,  by 
Macquer  in  1771,  afterwards  confirmed  by 
Darcet,  Rouelle  the  younger,  Roux,  Bucquet, 
Cadet,  Mitouart,  Guyton,  and  myfelf,  leave  no 
doubt  that  the  diamond  undergoes,  in  this  cafe, 
a  real  combuftion.  If  the  experiment  be  inter- 
rupted, after  the  flame  has  commenced,  the  cool- 
ed diamond  is  found  to  have  loft  weight,  and  is 
frequently  blackened  at  the  furface.  This  laft 
colour,  which  envelopes  it  like  a  covering,  prin- 
cipally takes  place  when  it  is  heated  lefs  than  is 
neceffary  to  burn  it.  If  it  be  heated  in  retorts, 
it  does  not  lofe  weight,  but  in  proportion  to  the 
quantity  of  air  contained  in  the  apparatus,  as 
Lavoifier  has  obferved.  This  celebrated  che- 
mift;,  having  expofed  diamonds,  in  bell-glaffes 
full  of  air,  reverfed  on  water,  and^on  mercury,  to 
the  focus  of  a  burning  glafs,  always  obferved 
the  volume  of  the  air  to  be  diminiflied  about  a 
feventh,  the  diamonds  to  lofe  weight,  and, 
what  is  ftill  more  remarkable,  the  atmofpheric 
oxigen  gas  is  converted  into  carbonic  acid  gas. 
In  eftablifliing,  at  the  end  of  thefe  experiments, . 
a  comparifon  between  the  effects  of  charcoal, 
and  thofe  of  the  diamond,  he  fliewed,*  even  in 

^       ^    1792, 
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1792,  that  there  was  reafon  to  infer  that  thefe 
two  bodies  have  the  greateft  and  the  moft  fin- 
giilir  analogy  in  the  products  which  they  leave 
after  combuftion.  It  would  be  very  aftonifli- 
ing  if  the  diamond  fliould  be  pure  carbon  ;  and 
this,  however,  it  will  be  neceifary  to  conclude, 
if  it  fliould  be  found,  that  the  produft  of  the 
combuftion  in  oxigen  gas  be  merely  carbonic 
acid.  Farther  experiments  muft  be  made  to 
juftify  ih\s  conclufion. 

9.  There  is  no  known  a6lion  between  azote, 
hidrogen,  caibon,  phofphorus,  fulphur,  and  the 
diamond.  It  is  true  that  no  accurate  experi- 
ment has  yet  been  made  on  this  fubje6l ;  per- 
haps, an  attraction  between  phofphorus  and  the 
diamond  will  -be  difcovered,  •  Hitherto,  no 
combination  of  thefe  two  bodies  with  each 
other  has  been  found.  It  is  known  that  the 
powder  of  charcoal,  in  which  diamonds  are  in- 
clofed,  in  the  middle  of  very  clofe  refraftory 
crucibles,  enveloped  in  a  covering  which  is 
fufed  into  glafs,  by  which  the  apparatus  is  found 
completely  enveloped,  .defends  thefe  diamonds 
from  all  change  by  heat,  and  that  this  is  the 
method  which  lapidaries  make  ufe  of  to  take 
away  fpots  from  fome  diamonds. 

10.  The  ufes  of  the  diamond  are  not  many; 
its  beauty  caufes  it  to  be  particularly  employed 
as  an  ornament,  and  as  a  part  of  drefs  ;  cutting 
and  polifliing  adds  to  its  fplendor;  its  fcarcity 
renders  it  of  high  price;  and  this  is  to  luxury, 
a >  well  as  to  ambition,  a  powerful  motive  for  its 

accjuifition. 
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acquifition.  They  are  not  employed  in  the  arts, 
except  to  cut,  fafliion,  and  grind  glaffes,  and 
fome  hard  ftones,  and  to  engrave  on  the  fame 
bodies. 


Article  XII. 

Concerning  the  Metals. 

1.  I  HAVE  ranked  the  metals  in  this  firft  clafs 
of  chemical  bodies,  or  among  undecompofed 
bodies,  merely  to  complete  the  feries  of  fimple 
combuftible  matters,  which  belong  to  this  clafs. 
It  would  not  bepjoper,  befides,  to  fpeak  of  them 
here  but  in  a  general  and  rapid  manner,  fimply 
to  compare  them  with  the  preceding  combuftible 
bodies.  The  hiftory  of  metals  ought  to  differ 
from  that  of  other  fimple  bodies  becaufe  they 
comprehend  a  very  great  number  of  perfe6lly 
diftinft  fpecies,  to  which  there  is  every  reafon 
to  believe  that  future  difcoveries  will  ftill  add 
others  ;  and  confequently  it  will  be  fufficient, 
if  we  here  explain  thofe  properties  only  which 
belong  to  the  whole  genus. 

2.  The  metals  are  very  diftinguiihable,  and 
very  diftinft  from  all  other  bodies,  by  their  per- 
fe6l  opacity,  brilliance,  or  fplendor,  their  con- 
liderable  weight,  and  the  duftility  of  fome, 
or  the  facility  of  changing  their  form  and  di- 
mentions,  without  lofing  their  confiiftence  and 
tenacity,  by  mere  preffure;  they  are  really  com- 

..Jiuftible  bodies,  fince  they  all  combine  witli  ox- 

igeu 
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igen,  which  they  folidify,  and  fince  they  all, 
during  that  combuftion,  burn  with  a  flame,  niore^ 
or  lefs  brilliant,  and  a  heat,  more  or  lefs  ftrong. 

3.  Nature  prefents  them,  either  in  maffes, 
forming  beds  or  veins,  in  the  interior  of  the 
earth,  or  in  difleminated  portions,  or  in  depoii- 
tions,  and  fuperficial  incrufliations.  They  are 
found,  alfo,  in  vegetable  and  animal  combina- 
tions: rarely  pure;  frequently  combined  with 
each  other,  or  combined  with  the  combuftible 
bodies  formerly  treated  of;  united  with  oxigen, 
or  faturated  in  that  Itate  of  oxidation,  with  a 
number  of  burned  matters,  which  .will  be  treat- 
ed of  in  the  following  fe6lions.  The  proceffes 
to  difcover  them,  to  extra6l  them  from  the 
earth,  to  effay  them,  to  obtain  them  feparate 
from  their  mineralizers,  that  is  to  fay,  from  the 
different  matters  which  are  united  with  them, 
which  conceal  their  properties  by  reducing  them 
to  the  Itate  of  ores,  and  laftly,  to  purify  them, 
belong  to  the  very  important  chemical  aits,  of 
Avhich  I  ihall  fpeak  in  the  feftion  appropriated 
to  the  hiftory  of  the  metals  in  particular.  I 
fliall,  alfo,  in  like  manner,  refer  the  claflification 
of  the  numerous  natural  combinations  which 
they  form,  and  which  will  be  one  of  the  objefts 
of  thefeVenth  feftion. 

4.  All  the  metals,  refleft  more  or  lefs  light, 
and  conftitute  mirrors,  when  polilhed.  All  of 
them  are,  at  firft,  dilated  by  caloric,  pennit  it 
to  pafs,  more  or  lefs  eafily,  as  very  good  con- 
du6lors,  are  fufed,  and  flow  when  fufficiently 

penetrated 
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penetrated  with  it ;  and  at  very  different  de- 
grees of  heat.  Some  of  them  are  volatilized 
quickly,  and  others  more  difficultly.  All  of 
them,  when  cooled  flowly  after  having  been 
fufed,  cryllallize  in  oftahedra,  or  in  cubes,  or 
in  forms  which  are  derived  from  them.  Thole 
which  afford  regular  oclahedrons,  fuch  as  are 
obferved  alfo  in  the  native  metals,  have  the  re- 
gular tetrahedron  for  their  integrant  particle;  in 
others,  the  cube  is  at  once  the  primitive  form, 
and  that  of  the  integrant  particle. 
-  5.  All  the  metals,  more  or  lefs  heated,  burn 
with  flame  and  decrepitation  in  oxigen  gas; 
they  difengijge  from  it  light  and  caloric,  and 
abforb  oxigen  in  different  quantities,  and  ad- 
here to  it  with  very  vaiious  forces;  they  each 
affume  different  proportions,  according  to  the 
manner  in  which  their  combination  with  that 
principle  is  effeded  ;  they  form  either  acids  or 
oxides.  .The  greater  number  of  the  preceding 
combuftible  bodies  have  more  attraftion  for  ox- 
igen than  the  metals  have,  and  can  deprive  them 
of  it. 

6.  In  atmofpheric  air,  moft  of  the  metals  un- 
dergo, but  very  flowly,  a  flight  alteration  at  or- 
dinary temperatures ;  t  fome  of  them,  however, 
are  thus  burned,  and  oxided  very  quickly.  All 
of  them,  when  heated  confiderably,  are  oxided 
with,  or  without  flame,  and  decompofe  the  com- 
mon air  by  depriving  it  of  its  oxigen,  and  leav- 
ing infulated  the  azote  gas.  Some  of  them 
•might  even  be  u&d  a^s  eudiometers. 

7.  The 
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7.  There  is  not,  in  art,  any  known  union  be- 
tween azote,  hidrogen,  and  the  metals  ;  but 
no  fa6l  proves  that  this  is  impoffible,  or  that  it 
does  not  exift  in  Nature.  There  are,  evein, 
fome  fafls  which  fhow  that  certain  metals  may- 
be diffolved  in  hidrogen  gas,  and   probably  a 

^  much  greater  number  will  be  hereafter  found 
fufceptible  of  this  kind  of  folution,  which  muft 
modify  the  properties  of  hidrogen  gas,  as  car- 
bon, phofphorus,  and  fulphur  do.  If  thefe  com- 
binations fhould  be  difcovered,  they  may  be 
named  metallic  hidrurets,  and  hidrogenated  me- 
tals, accordingly  as  the  hidrogen,  or  the  metal 
is  in  greateft  quantity. 

8.  Several  metals  are  already  known  as  to 
their  property  of  uniting  to  carbon,  and  it  is 
very  natural  to  think  that  the  greater  number 
poffefs  this  property,  and  that  it  is  not  yet  dif- 

'  xovered,  for  want  of  fufficient  refearch.  When 
carbon  enters  into  combination  with  a  metal, 
which  only  takes  place  by  fufion,  or  at  a  high 
temperature  which  greatly  foftens  the  metallic 
furface,  the  metals  lofe  the  natural  arrangement 
-of  their  particles,  and  are  changed  in  form,  co- 
lour, du6lility,  weight,  fufibility,  &c.  If  there 
be  little  carbon  prefent,  they  are  named  carbo- 
nated metals ;  iu  the  oppofite  cafe,  they  will  be 
metallic  carburets, 

9.  There  is  no  known  adion  of  carbonated 
hidrogen  gas  on  the  metals ;  carbonated  hidro- 
gen is,  perhaps,  capable  of  combining  with  thefe 
bodies.     Hidrogen  having,   befides,  more  at- 
traction 
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tra6tion  for  oxigen  than  mod  metallic  fub- 
ftances  have,  it  is  evident,  that  their  oxides 
ought  to  be  decompofed  by  hidrogen  gas,  or  by 
the  different  hidrogenated  combinations.  This 
decompofition  .is  moft  frequently  proved  in 
treating  the  heated  metallic  oxides  with  hidro- 
-gen  gas;  by  this  means,  they  again  pafs  to  the 
ftate  of  metals,  and  water  is  formed  by  the  union 
of  the  hidrogen  with  the  oxigen  of  the  oxides. 
Thefe  decompofitions  fometimes  take  place  in' 
the  cold,  and. by  fimple  contaft. 

10.  Phofphorus  eafily  combines  with  all  the 
metals,  provided  they  are  placed  in  a  very  di- 
vided ftate,  in  contaft  with  phofphorus,  when  rt 
is  feparated  from  its  compounds,  and  particu- 
larly from  the  phofphoric  acid  in  which  it  is 
employed.  If  there  be  little  phofphorus  in 
thefe  combinations,  they  muft  be  named  phof- 
phorated  metals ;  if,  on  the  contrary,  they  con- 
tain more  of  phofphorus  than  of  metal,  they 
are  metallic  phofphurets.  All  thefe  compounds 
are  more  or  lefs  granulated,  lamellated,  brittle, 
fufible,  inflammable,  fometimes  even  by  a  blow, 
fetid  by  the  contaft  of  water,  ancl  of  humid  air. 
Phofphorus,  in  tliis  ftate,  lofes  its  luminous  pro* 
perty,  and  even  a  great  part  of  its  combuftibi- 
lity.  It  is  probable,  that  the  metallic  phofphu- 
rets exift  in  Nature,  and  that  they  conftitute 
certain  ores,  though  this  has  not  yet  been  veri- 
fied by  analyfis. 

1 1 .  The  a6lion  of  phofphorated  hidrogen  ga^ 
pn  the  metals,  has  not  been  examined  vith  fuf- 

ficient 
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ficient  care ;  there  is  reafon  to  believe,  that  theife 
combiuations  exift  even  in  Nature.  The  great- 
er  part  of  the  metallic  oxides  are  decompofed 
by  this  gas,  which,  by  bringing  them  again  to 
the  metallic  ftate,  forms  water,  and  phofphoric 
acid  m  proportion  as  it  carries  off  their  oxi- 
gen. 

:  12.  Sulphur  unites,  in  different  proportians, 
with  moft  of  the  metals.  Thpfe  which  are 
very  fufible,  become  difficult  of  fufion  by  this 
combination ;  on  the  contrary,  it  augments  the 
fufibility  of  thofe  which  are  refractory.  The 
metallic  fulphurets  are  extremely  abundant,  and 
frequent  in  natufe  :  they  conftitute  the  greater 
nupiber  of  metallic  ores.  Frequently  caloric 
drives  off  a  portion,  or  the  whole  of  the  fulphur 
which  they  contain.  This  is  one  of  the  pro- 
celfes  which  is  pra6lifed  on  a  large  fcale,  in  fome 
cafes,  to  prociire  the  fulphur,  and,  in  others,  to 
commence  the  feparation,  or  purification  of  the 
metallic  fubilance.  The  metallic  fulphurets 
poffefs  maqy  other  important  properties  which 
will  be  dcfcribed  under  the  article  of  each  me- 
tal in  particular.  We  fliall  be  content  with  add- 
ing, in  this  place,  that  fome  of  them  are  fre* 
quently  very  combuftible,  and  that  they  abforb 
oxigen  fo  quickly  that  they  may  be  ufeful  in 
eudiometry ;  that  they  decompofe  water;  and 
that,  in  this  laft  cafe,  fulphurated  hidrogen 
gas  is  feparated,  of  which  thefe  bodies  are  tho 
moft  al)undant  fource,  &c. 

13.  Sulphurated 
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13.  Sulphurated  hidrogen  gas  afts,  in  a  very 
remarkable  maimer,  on  feveral  metallic  fub- 
ftances;  by  the  flighteft  contaft  it  colours  them; 
in  this  cafe,  it  appears  that  the  atmofpheric 
oxigen  unites  to  the  hidrogen,  and  the  metal  to 
the  fulphur.;  thus  metals,  for  a  long  time  ex- 
pofed  to  this  gas,  become  covered  on  their  fur- 
face,  by  a  cruft  of  metallic  fulphuret ;  fome  other 
metals  appear  to  abforb  it  entirely,  and  to  com- 
bine with  it  in  hidro-fulphurets.  The  effe6l  of 
this  gas  is  ftill  more  marked  on  a  great  number 
of  metallic  oxides  ;  fome  abforb  it  entirely,  and 
combine  with  it  in  fuch  a  manner,  as  to  form  hi- 
dro-fulphurated  oxides;,  others  decompofe  it, 
and  are  decompofed,  at  the  fame  time,  more  or 
lefs  completely.  Thus  the  whole,  or  merely  a 
part  of  their  oxigen,  is  united  with  the  hidro- 
gen, with  Avhich  it  forms  water,  whilft  the  metal, 
difoxidated,  or  lefs  oxidated  than  before,  is 
united  to  the  fulphur,  and  conftitutes  a  fulphu- 
rated  metal.  It  is  for  this  reafon,  that  the  . 
greater  part  of  the  metallic  oxides  are  very  ra- 
pidly coloured,  being  rendered  brown,  or  black, 
by  the  flighteft  contact  of  fulphurated  hidro- 
gen gas.  The  waters,  charged  with  fulphu- 
rated hidrogen,  produce  the  fame  efFe6t. 

14.  There  is  no  known  combination  between 
the  metais  and  the  diamond.  Neverthelefs, 
fufed  iron,^  flowing  by  the  fide  of  a  diamond,  * 
heated  red  in  a  crucible,  where  it  has  been 
heated  in  the  midft  of  charcoal,  has  fcori- 
fied,  and,  as  it  were,  vitrified  that  part  of  the 

diamond. 
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diamond^  and  appears  to  be  truly  combined 
with  it ;  thus  feeming  to  announce  an  attrac- 
tion between  thefe  two  kinds  of  bodies;  this 
fa6t  deferves  the  attention  of  chemifts^  and  it  is 
defirable  that  it  fliould  be  verified  by  heating 
the  various  metals  ftrongly  with  the  diamond. 

15.  There  are  few  bodies  which  are  fo  ufeful, 
and  confequently  which  are  fo  much  ufed  as  the 
metals.  Neither  are  there  any  which  have  fo 
much  exercifed  human  induftry,  and  given  birth 
to  fo  great  a  multiplicity  of  different  arts.  The 
particular  hiflory  of  thefe  bodies,  deflined  to 
form  the  fixth  feftion  of  this  Work;  prefents  the 
ufes  of  each,  and  a  fhort  notice  of  the  feries  of 
arts  which  are  connefted  with  the  metals.  It 
is  fufficient  to  remark  here,  that  their  chemical 
examination,  fo.  rich  in  numerous  fafts,  and 
their  treatment  fo  varied  in  the  great  works  and 
manufa6lories,  have  infinitely  contributed  to  the 
perfe6lion  of  human  reafon.  This  is  well  prov- 
ed, by  the  manifefl  fuperiority  which  thofe  na- 
tions, among  whom  the  metallic  arts  are  culti- 
vated Math  moft  fuccefs,  prefent  to  the  philofo- 
pher,  as  well  in  their  domeftic  enjoyments,  as  in 
their  public  profperity. 
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